12 United States Patent

Vecten et al.

USO011590271B2

US 11,590,271 B2
Feb. 28, 2023

(10) Patent No.:
45) Date of Patent:

(54) EASILY MOVABLE BLOOD PURIFICATION
SYSTEMS

(71) Applicant: NextKidney SA, Lausanne (CH)

(72) Inventors: Didier Vecten, Lausanne (CH);

Ricardo Allendes, Lausanne (CH);
Paul Vescovo, Lausanne (CH)

(73) Assignee: NextKidney SA, Lausanne (CH)
( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 16 days.
(21)  Appl. No.: 16/766,757

(22) PCT Filed: Oct. 31, 2018

(86) PCT No.: PCT/IB2018/058539
§ 371 (c)(1),
(2) Date: May 26, 2020

(87) PCT Pub. No.. WO02019/087096
PCT Pub. Date: May 9, 2019

(65) Prior Publication Data
US 2021/0338909 Al Nov. 4, 2021
(30) Foreign Application Priority Data
Oct. 31, 2017  (EP) oo, 17199362
Oct. 31, 2017  (EP) oo, 17199363
(Continued)
(51) Int. CL
A6IM 1/16 (2006.01)
A6IM 1/36 (2006.01)
(Continued)
(52) U.S. CL
CPC ........ A6IM 1/3644 (2014.02); A6IM 1/1603
(2014.02); A6IM 1/1621 (2014.02);
(Continued)

(38) Field of Classification Search
CPC .. A61M 1/1603; A61M 1/1621; A61M 1/267,;
A61M 1/3424; A61M 1/3627;

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

8,029,454 B2
8,114,276 B2

10/2011 Kelly et al.
2/2012 Childers et al.

(Continued)

FOREIGN PATENT DOCUMENTS

EP 2609944 Al 7/2013
EP 2896417 Al 7/2015
(Continued)

OTHER PUBLICATIONS

EPO Search Report dated May 11, 2018 for Application EP17209117.
5.

(Continued)

Primary Examiner — Dirk R Bass
(74) Attorney, Agent, or Firm — Nixon & Vanderhye P.C.

(57) ABSTRACT

A dialysis system may include a blood circuit, a cassette, a
subsystem having a processor, a sensor, and a blood pump-
ing mechanism, a housing i which the subsystem 1is
arranged, a movable support arranged 1n the housing and
configured to hold the sensor and/or the blood pumping
mechanism of the subsystem, a cassette holder configured to
removably receive the cassette, and a loading system. The
loading system may be configured to move the movable
support, e.g. by an axial movement, to a first position and to
a second position relatively to the housing while the cassette
holder 1s fixedly arranged in the housing. The loading
system may have an electric motor controlled by the pro-
cessor, a drive assembly coupled to the electric motor, and
a guiding assembly configured to cooperate with the drive

assembly.

18 Claims, 35 Drawing Sheets




US 11,590,271 B2

Page 2

(30) Foreign Application Priority Data FOREIGN PATENT DOCUMENTS
Dec. 20, 2017 (EP) woeeeeeeeeeeeeeeeeeee. 17209117 Eg ;v%ggg gll gggég
Dec. 20, 2017  (EP) oo, 17209126 Ep 3703776 Bl /9027
GB 2110564 A 6/1983
(51) Imt. CL RU 93276 Ul 4/2010
AGIM 126 (2006.01) WO WO 2005009511 A2 2/2005
A6IM 39/10 (2006.01) WO WO 2009055639 4/2009
H WO WO 2011017215 2/2011
A6IM 39/22 (20006.01) WO WO 2014155137 10/2014
(52) U.S. CL WO WO 2018210926 11/2018

CPC .......... A6IM 17267 (2014.02); A6IM 1/3627

(2013.01); A61M 39/10 (2013.01); A6IM
39/22 (2013.01); A6IM 1/3646 (2014.02):
A6IM 2205/3337 (2013.01); A6IM 2205/50
(2013.01)

(58) Field of Classification Search
CPC .. A61IM 1/3644; A61M 1/3646; A61M 1/365;

A61M 2205/3337; A61M 2205/50; A61M
39/10; A61M 39/22

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,444,587 B2 5/201
8,512,553 B2 8/201
8,523,799 B2 9/201
8,585,634 B2 11/201
9,526,820 B2 12/201
9,931,456 B2 4/20]

Kelly et al.
Cicchello et al.
Biesel et al.
Nettel et al.
Beiriger et al.
Rovatti et al.

Q0 ON W W L L

2003/0209884 Al 11/2003 Joie et al.

2009/0012461 Al 1/2009 Childers et al.

2012/0267291 Al 10/2012 Coates

2014/0088493 Al 3/2014 Pan

2014/0216250 Al 8/2014 Meyer et al.

2015/0122721 Al 5/2015 Childers et al.

2015/0367062 Al* 12/2015 Brugger ................ A6IM 1/365
210/646

2016/0106906 Al 4/2016 Buckberry

2020/0179224 Al 6/2020 Wolf et al.

OTHER PUBLICATTONS

EPO Written Opiion dated May 11, 2018 for Application EP17209117.

5.

International Search Report dated Feb. 11, 2019 for Application
PCT/IB2018/058539.

International Search Report dated Feb. 18, 2019 for Application
PCT/IB2018/058547.

Written Opinion of the ISA dated Feb. 18, 2019 for Application
PCT/IB2018/058547.

Written Opinion of the ISA dated Feb. 11, 2019 for Application
PCT/IB2018/0585309.

Russian Office Action dated Feb. 3, 2022 for Application No. RU
2020-117675.

Russian Search Report dated Feb. 3, 2022 for Application No. RU
2020-117675.

European Opinion dated May 4, 2022 for Application No. EP22151016.
7.

European Search Report dated May 4, 2022 for Application No.
EP22151016.7.

Decision to Grant a European patent pursuant to Article 97(1)EPC
for EP Application No. 18811065.4 / Patent No. 3703775.
Decision to Grant a European patent pursuant to Article 97(1)EPC
for EP Application No. 18811066.2 / Patent No. 3703776.
European Grant Certificate for EP Application No. 188110654 /
Patent No. 3703775,

FEuropean Grant Certificate for EP Application No. 18811066.2 /
Patent No. 3703776.

* cited by examiner



S. Patent Feb. 28,

2023 Sheet 1 of 35

M N . N B B N B B e B N N N N N N N

-‘1!1!1-1!1-11!1-1-1!1!
¥
¥

- [
. : .
- A "
- A L]
- X n
‘-_ - o )
- "
- L ]
! - :
% T '
b L}
o \ - ]
+
-
- |
[ £
. 1 -
n L L
L] L
.
- e oo e
- - - %
N
]
.
[ .
. '
[
-
+ + ) |
.
¥ H
' n
*
-
rr e T T T e ]
*
1
- L]
r
L]
-
E e e e ) - "
L] L. B B N N N N N N NN NN
L IO - 'h-n-"ﬁ. !
Rk ok ok ok k ok -
. « + + + + + + F F+ hoh - * [ ]
L L I T AL T AL L BOL DL B B B )
P EXAOLX2OUXADEN DOOK B & X
- [
- = *
- e "
- i L]
-
i ] 1 §
3
- .; b ’
- _ . i |
.’.? T T T T T T T T T T T T T T T T TITT ) e
-------------1 “- :
. ¥ i
- 3
* ¥ L '
[ ] [ ] - :
L I I .——-r———-r—-r-r—-r———-!"
I IGI I
N N NG N S N, N, Y N N, N, N, N, N S NN
]
a ]
]
]
]
gy i B
e !
- ]
t T l
T ]
- ]
-
-
-
-
- rrrTTTTTTTTTTTTTTPCTT T PTTTOC T
-
-
-
[ T -
‘ T T T
f- oo -
.
e 3 BN .
- -
. *. -
-
-
-
- -
.
* % & r T -
[ .
- m . -
+ - T T T
o -
-
-
-
-
-
- .
-
-
T TTTTTTTTTTT

i
. ...'..----.---...
>

FFFF P F kRSP

*
*
L

o + ok F F o+ F
-

T
B - T h

LI

B - 4 B % 4 h o+ o+ o+
-

o+ 4

a
-
+ F
+ & + +

+ + ok hoh A
- 4 4
+ 4 4 4 &
B+ 4+ F F o FFohRh "N
4+ + F + + F Fhhoh AN
4 + + F + F Fhohhdd A
- h h k¥ Fhohhh ook
L DL B DR UL B B DR B B B O
LU DL S DR BE DR B DR UL DR UE BN )
L I N I B RO B I B R N )
iiiiiiiiiil
iiiiiilllll

L
[ B

*
B F FFFFF PSS

[ d

L
+
L

ko
 +
-+
I I
N
FrE r
-F!IIFII-I-
P

L
L

*
[

[ B B B B B B B B
- rr

= o F FF F o+ FF
o ok o+ F o+ F

*

L e

*

[ B

[

L

o F

L)

L

L
f-il'i-i'l'i-i'i'i-i'

*

r

L)
L
B F PR PP PP

.’I
e
=

l-'l" L B
l’l"
"

+ + + + + + F + + + + +

F-'

- T T T T T T T T T T T

4 4 4 4 4 4 4 4 4 4 4 4 4 4 44

T T TTTTTTTTTTTTTTTTTTTTTTT

FIG. 2a

S 11,590,271 B2

-



S. Patent Feb. 28, 2023 Sheet 2 of 35 S 11,590,271 B2

T T T T T T T n
-
-
-
-
] T
| ]
-
L
-
' Vo -
' '
' o - rTTTTTTTTTTTTTTTTTTTTYTTTT
' Vo *
' ' -
' o L]
' Vo -
' ' -+
' o LI
' .. o T .
' Vo T
' ' r T -+
1 o . r T
. ' 1 - -+
' ' ' -
1 Vo ' r -+
- Vo - -
. L] - L]
-i-i.‘l l...ll. .'l -
' L] L - -+
LI L] T
+ 4kt t koA L r T -+
+ h F + + Aok A r T T
' EIE T L rr T L]
R T T T T
+ b oh + + + o+ ok L L -+
+ 4+ + F Ak -
LI N L *
EE D -
IEEXEEEEREE L -+
+ + F ot h Ak T ""
I EEEE R L -+
I EEEERERER - -
IEEEEEEEREK L -
I EEEEEEER -
I EEEREEEERK L
IEEEEEERER -
I EEEEEEEREK L
IEEEEERERER -
B EEEEEEREKX L
IEEEREER -
I EXEERLN] L
ok - " T
LY L
- -
LY ]
- -
LY L -
= -
[ Y rT T T T TTrTrTTTTTTTTTTTTTTTTTTTT Y

T T TTTTTTTTTTTTTTTTTTTTTT T

:
%

'-"l'"-l"-rl-'-

]

T T TTTTTTTTTTTTTTTTTT®TTT™TT

4 4 4 4 4 4 4 4 4 44

L]
4

4 4
4

1 4
1 4

4 4
4

4 4

LI |
4
1 4

4
4 4 4 4 4 4
1 4 41
4 4
4
4 4 4 4

4
4
4
L]
4
4
4
4
4

* -
- -
. - -
- - -
- . - -
- - L -
-+ - -
-+ - - -
* - -
-+ - -
. - -
-+ - -
. - - -
- . - -
- . - - -
- - ] -
- . - - - -
- - 1 -
.. - % - -
- . - -
L LN - -
-
- e - . - -
L] - -
- rrTTTTrTTTTTTTTYTTTTYE TS TTOT T rrrTrTTTETTETTETETTCTTDTT
- - rr T Trrorow
- .o .o -
- -
- - -
- -
-
. ' B
- 'v-r'-
M
-
| = L . T T T
-
-
-
-
-
-
rrTrTrTTTETTTT
= e e v -

-~

T *rTTTTTTTTTTTTTTTTTTTT™TT
T T TTTTTTTTTTTTTTTTTT T T T T T

FIG. 2C



U.S. Patent Feb. 28, 2023 Sheet 3 of 35 US 11,590,271 B2

20 2

T T TTTTTT

L]
4
4
1
4
4
1
4

T TTTTrTTrTrTTTrTTTTTTTTTTTTTTTYTTT

4 4 4 4 4 4 4 4 4 4 4

e I I ‘i
ot T""l‘" LTI M "

4

4 4 4 4 4 4 4 4 4 4 44
E.'

4 4 4 4 4 4 444 444

- T T T . T T T

T T -
T T - T T

-

4
4
4

-
- -
- ks
-
- - *
- -
- -
- E
- LK) -
- EE
- - - -
L - T

4 4 4 4 4 4 4 4 4444444444
4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 .4 4

4 4 4 4 4 4 4 4 4 4 41

1 4 4 4 4 4 44444 49494949449494941+4

?.

-
T *F F F F FF R FFFFFFFFFFFFFFF
T T T TTTTTTTTTTTTTTTTTTTTT

Fo

f

e i e M M e M M o o i e M o e o e M T o i e e o Mo o e e Vi e e e e e F"'-"'-"'-"'-"'-"'-"'-"'-"'-"'-"'-"'-'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h"‘.

FIG. 2d

rrr T ey
-
- -
-
- -
-
- -
-
- - #"
-
- * .“ "..'ﬂ
-
- -
M =)
- -
- L )
- - it
- e s wm Em W wmr owm
- -
-
- - s r T e T T T T T TR T T T T YT T TR T
- -
- - -
- -
- - -
- -
ey - o -
. - -
. o o -
-y - -
PR - -
- - -
- . -
- - -
- - -
- -
- - -
- -
- . -
- . -
. - -
- -y -
PR - -
. o -
. OESNS i g -
- -
-~ r's [ ] - -
-
- -
-
L - \'_ -
-
ww ww w3 xug M - - a 1
-
- -

?

1 4 4 4 4 44 44444944

T T TTTTTTTTTCT
T TTTTTTTT

} ™ wha W N e o e Y Py iy e s e rw R s 'I'I'-'l-i'-""k

4 4 4 4 4 4 4444444449444 4949494949494949494949494949494949494

4

4

4

4

4

4

4

4

4

-
-,
-
-
-,
-
-
-,
-
-
-,
-
-
-,
-
-
-

T TTTTTTTTTTTTTTTTTTTTTTTTT®T

L"h"h"lﬂ"h‘h"lﬂ"h‘h"h‘h‘h‘h‘h"'I-|"'Il|"ll|‘Iq‘lu‘ln‘lq‘lu"lu‘lq‘lu"ln‘lq‘lu‘lq‘lq‘lu"lu‘Iq‘lu‘h‘lq‘lu‘h‘lq‘lu‘h‘h‘lu‘lq‘h‘lu‘h‘h‘l\ iy g i " i i i

FIG. 2e



U.S. Patent Feb. 28, 2023 Sheet 4 of 35 US 11,590,271 B2

B e e L

W iy i, Byl SR iy TS, Syl gy i R Ry’ Wl RgR gy gl gk gl iy 'y ﬁﬂ%ﬁﬂw

-
-
T
-
-
-
-
-
T
-
-
T
-
-
-
-
-

rrrrr
LN
. ICEEE v
LI
‘i‘ T
-
- -

4 4
4

4 4
L]

4
4

14
4
44 4 4.4 4 4 4
44 4.4 4 4
44
4

ings e Sey =ae sk Eer

4 4 4 4 4 4 4 4 4 4 4 4 4 4444

B4 4 4 4 4 4 4 4 4 4 44
4 4 4 4 4 4 4 4 4 4 4 44

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrr

LT
4 4 4 4 4 4 4 4 4 44 44444444 a4

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

N L N Y A W A o e P v N, ._.._._.._._Hi .
- L. 3 B N B N :
24 . F '

4 4 4 4 4 4 4 4 4 4 4444944949449 4949494494949 9494 49494494

4 4 4 4 4 4 4 4 4 4 444 44
4 4 4 4 4 4 4 4 4 4 4 49 44494

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrr

gl W

-wt

FIG. 2f

1##1

*Hﬁﬁrﬁ*%ﬂﬁﬁﬁ'ﬁﬁﬁﬁﬁh‘ﬁﬁﬁ*h‘!

" RAE A Py Yam ek T -l-}

{
{

4 4 4 4 4 4 4 4 4 4 4 444

14}

4 4 4 4 4 4 4 4 4 4 444944494944

%

1
o
Jeud
fend

rrrrrr

L]
4
4
4 4
4 4

\

o
P
L

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
F‘

4

4

L]
4

r------------------l

|

1

-
4 e
R N g Mg MR R T, "_H:::?\‘k'ﬁ-ﬂv..__...ﬂ"-.ﬂ ; \b!g .-':
] -

-;-""'f .

:

H

4 4 4 4 4 4 4 44

P
o2

273 boooschoccooosooc

wd fa '

Lal

}

1

{

{

3

}

. ?

: . {

] 1 d f *

L R N - : i

,,,,,, : {5:'./ ‘{_{'8 : }

. : ?

] e e T MMM : i

J : : {
1 : .

4 s N : ;
t : : 2 ' t 3 :
[ J:;?' E iufisi ; i i E+ S Y : :
¢ ¥ : : % e ol f : {
§ : OOORPOBONNOATRMOVDO 13 vvvvvv : (
} Ev ! A E ¢ ',:E::' H
¢ : ' e \ 3--1 " :
E : s /358 !
R T : e T T T ey T k3 (

: : 1 Jﬁ‘ h : : $
;N ’ - h ' : 3
AR A\ T R N — .
. R ! \ ¢ - : :
| RocogBpaioonced ?3 i ! : : {
. ' ‘) m ! \ N 7 e ’
’ . e vy
» ! i . :
t
{
s
}
?
i
{

i TR R R PR R R R B

e g e e g gl i g e gl g e

EE-.'

FIG. 3



U.S. Patent

.51

[ |
-
+ F 1
+ + F
+ B =
-

v
s
et

i-'."i"i-

13 -

;

rF"F"F"""""‘F"F" .‘F"F"F"F"""""‘F"'

E

4 4 4 4 4 4 4 4 4 4 4 4 44

4 4 4 4 4 4 4 4 4 4 4 44

a-——-—-=--

-

101

o
L ] | | '
HH%IHHH SRS E PRI NERUE AR
Tl lntn] )

[ o o o o

TEFETY YR

B \

-"-'a'-.l'-‘l'l"l-i‘l'iﬂi‘ll

Feb. 28, 2023

e A E A A R Ly ey A A e m, Ly

1

4 4 4 4 4 4 4 4444444444494 4949444

M or o &l o mk o ode. e a or r aF sk o W o

-

1 4 4 4 4 4 4 4 444444944

SR R W Wi - o = Ey W W e r ot

4

Ty

e L A

1
I
1
I
|

Sheet 5 of 35

4 4 4 4 4 4 4 44 444444494

vk &

1
fH Hy B ol o T IN OW W W o e T T

~a & of =

R ~a & oFf &= R

4

4
1 4 4
4

1 4

4
LI |
-I111111111111111111111111
4

4 4 4 4 4 4 4 44 4444949494494 49494949494

rrrrrr

4
4
4
4 4 4 4 4 4
4
4

1 LI |
4 4 4 4 4 4
4 4 4

1 4

1

4
4

T T T T

1 4 4 4 4 44 4444449494949 4949449494+494944949449494+49494494944949449494949494949+49+4
4 4 4 4 4 4 4 4444444944444

4 4 4 4 4 4 4 4444494944999 49949494949 449494

FIG. 3a

1

+

L b

rrrrrrrrrrrrrrrrrrr

- s
]
]
]

4
L]
+ T
-+ + A]
+ +
+ + +
+ + v T
+
+
-
r
-
-
L]
-
-
r
-
+
+
+
- + + T
+ + T +
+ v +
o T
+ +
+ +
+
-

i gl e e e gl e e e e e e B

¥ o+ FCRC N NIRRT R R R R R TR R R R R R e e e ]

4 4 4 4 4 4 4 4

US 11,590,271 B2

L E E B E E E E E E E E K

I e e I

]
!
L]
i
f
r
1

4

mh sk sk omh sh sk osh sh sk sk sh sk me + 4

SO W R W o o RN ROE o T R W W

A R - LI N R R -

W pe e e e g e e e e e g e e e e e g e e g e ge ge e e g e

- w

.............. ot

“““““““"‘

L
=
T e e e e e e

- Ll
++'++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++‘
-

P S S M M M M M i M i P S T P P By,

113

i it g g i b g i i
Wl o ol ol il ol el

*i

;)
;)
)
;)
;)
)
;)
;)
)

-'h'h'h'h'h'h'h'h'h'h'h'h'h'h'h'hﬁ..

132

. .
o P ——

e T P i i i P T B S S e e e

oot ot at et ettt
G-
Fl

ey

%

unaanaaaaa«ahar-u--,an«a&a«n«nn«an«a«aa«a«a«a
%

b
%

]
b

133

k.

T e

]

-.----------------“

114

:

L |
N-.-.a-u--,a-u--,a-u4-,a-u--,-.t--,-.-ua«n«a&a«n«a&a«n«a&a«n«a«

:

e e e e

L]

e e e i gl el e i e

|'h'h'h'h'h'h§'h'h'h'h'h'h'h"h
1314
> A

]
.'h'h'h'h'h'h'h?'h'h'h'h'h'h'h"‘
115

wh

[ N N N N N N N ]
o o o o

.

mh mh sh sh sh sh sh sk sk sk

+ F + F F FFFF A F A FFFFFFFFEFFEFEFFEFFE A FFEFEFEAFFFEFEFFFEFFEFFEFEFFEFEFFFFFFFFFFEFFEFFFEFFEFEFFEF A FFEFFFEFEFFEFFFEFFFEFFEFEFEFFAFFFFFFFEFEFEFFFEFFEFEF A FEFEFFEFFFEFFEFEFFFEFFE A FEFEFEFEAF A FFFEFEFEEF S

FIG. 4



U.S. Patent Feb. 28, 2023 Sheet 6 of 35 US 11,590,271 B2

*_-}
3
>
Ny
N,
AN
k"'\__-'

_é:.
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1
4
4
1

rrrrrrrrrrrrrrrrrrrrrrrrr

i 5T 5 LT AT H H EH'LTE E £ET H A7T.E E LT E AT H AT T AT H E'LT E AT H AT .E E AT E AT.CE RAE ™00 L e O O

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrr

'-.'-.'-.'-.'-.'-.'-.'-.'-.'*"I.'- L LT H EH LT E AT H 5. E AT T  ET.-H LT E AT H LT B AT E BET.E B AT E AT T

rrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrr

fr———
T

‘-“-‘--‘Ih-‘ A - R IR WA R RN T R A WSS N R N N - R R BTN R TRTE TR R N T S N e Sy e S -

rrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrr

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - .
B A A A A A A A A A T A A A A A U A A A L O T O A T T T A T A T A T AP A W A W S AT AU W A T AU A T B B By
s

. o

- X
) P i
.ﬁ-‘;..- ';. 'ﬁ.. 1:\‘

- - AN

b
,*.E . . uuh-nuuuuhuuvﬂ*\ o o i o i i i i i i

-, 3
b » »
3 b Eh a
! 3} :" " ":"' b
, ; a
;.\'n : { by N b b, W
N 5 . N » x
RN 1 X : N 3 i
S R A A A R R R AT R A R R RN R B R R TR TR R R R T R B AR AT AT R AR AT AT R R R R R et O 3 ..-_}u
X - " v : ﬁ
W x )
'Il: :': :." ':‘ 2 T T e e e T e T e T T -"u-‘n';"-‘-'u}'h'h'h'h"-
X % 5 )
[ ] ' 5 )
. " o) W
N T R P PR S P OV P ST R TSV » x
& )
. :
Ty T T S R R o B gy, by, _‘;:_-.‘-.‘-.‘-.‘-:-.‘-.:-:-.‘-.‘-.
h)
X
hJ
h)

S e e e e e e e e e i i

FIG. 5b

é &

"y
)

| I .. ]
- YN EEYTEY® Y+ttt rrTTTTTTTTTTY
" N S A W o 4 W % k * + r v r v r T T AT T TTTTTTTTTT T
LY '

rrrrrrrrrrrrrrrrrrr

™™ ™ ™ ™ ™™ ™ e

..d""l.

b
)

s

<« F FFrP Q1 o=

F 8
At gt S ey

w
A
x
)
x
w
-y

P e e e e e e

T e T e e e e T e T e e e e T e e e e e e e e N et e e e e e T T e e e R

o o o o o o o

an mpw dnm u'.-'ﬂ}-'f F Ry L)

: i T
. :: B N T L LI R A 4 \-:Bﬂﬁ"ﬁ%ﬁﬂﬁﬁ
: 3
L R N T RN RO NI I SN Y ::
x
X
B it s o L bt e e
X
i)
X
X
u
FIG. 5b°
| ]
o o
‘-..- |'."‘-... .“:\
. 3 o
"y . . ="
- W oot ‘.h"\ h . .
3 N S B e e e e e e e e T Ty~ Ny
b .
2 M 3 3 P
s Iy M A\ M .
X , ]
.2‘ L) : u w
LY i ") -
u L] [ ] 4 - )
bt - . - h)
';:f.-.-.-.-.-.-.-.-.-. PR e N LR L R R T A R e ',.': RS
\. ‘i. L [ ] L
",,:: ; t Ty e et e R s g
W' . LY 2
X w 3
L W, T AN B M N A RO B B A R B v B N AU W e Bt N N A O R RS W N :. L)
ﬂ_
L

i R A A R AR A I R A A B, N A

o o o o A o o o A o A

FIG. 5¢

""...- A t-“.'..\

% 9 e S

r b !
i - - - g
+ + ¥ .
. T T T = r T T T Tkttt o+ . . ++ +t T T T
vvvvvvvv + + + 0w .. 1 + + v or T .
vvvvvvvv + 4+ + v v T .
' = rrrrTrrTrTrTt+ttrErEEFEFEEEETTT T T y
' - rTTTTTTTTTTTT - - '
R A g

: a
» e w i e T et T e - X
' I v - N M
Moo » : - ) A
. -y } x : w E: ‘..F-‘.
'.% N = . A ) W
:_"n"n"n"i"n"n"i"n"n"i iy R e B B i i ey B By e gt -H\'.‘.‘hh‘-'uh'ﬁ'."-\‘-".‘hh‘.'.H"h'.'\-\‘,t \'*.‘u"-‘n"ﬂ-'-.'u\‘.'h i ey Ry T Ly ‘."';"h‘-".,; e L B L T T LR L N 2 ,.: g
3 3 : : TS
".,:1 :: u R TR T e T T Y '---'r{-u-u-ﬁ-u-ﬁ-u-ﬁ
\1 L] ‘: w
: ; : i
\ g™ i T e gk, g gy g il gy, g gy gl g ™ e, gty g g g g e gty g g g T R g ettty Rl :‘; 2:
'. \.
b L By g iy g g, g B i, g o, g, g g,y g, g g, g LR R R R A
X
X
i)
X
b ]

e i i Y

FIG. 5¢C



U.S. Patent Feb. 28, 2023 Sheet 7 of 35 US 11,590,271 B2

o

. L]
. l-':h LI T g
LY o
.\ :'!n:.. "{t\‘:- R ey ey .‘:‘::::
-.l .\,
Lo

" iy ety oy vy

- - -
I )

ot
n o - - ':'::1:‘ \‘1.
" >
"
i"ll'" :.IJ'* \"-.
- N - ‘:"«. -\.*-I{.
A
rl"l.‘ 1.:‘ q-:" ""-"“ ~ -

e LT L R R I R P L o It T ol B ot T T R P P Ry

4
a
';f..
.
‘l
-FIT
v
F
Fs
P
i r
¢
L
F3
-
£
e
'f:
I
‘h
'i'
e
Pl
L

. - T - '!:l-.
NN B LA g i .
. Sy B iy J i N
e \
e ‘k\. R L PPt by '
u, #’q— . H :: 1 oy ‘_‘-“ . Iy LAY ™
g g iy s . ; |:i l‘""-:"h‘:.‘ :\ '__': “m "-\ ot _...1:"- L
oo AAREEA k ) T R, Boydeg b L -
3 : W, N NN e SR e R SRR
; : N s T I T
i . W b, T & “ 4 X 1 " .
- : 'I:_ ‘i_ - “"h"'h_ “L ::" 2'ﬁ'r:“‘-. | iy :'l - *1. :':H "'ll'h:"ﬁ *'\."'l"' Lu"‘l"'\‘ - an™ L
. [ e a - LR by Y R Pt . o
. - o T e R T L L ‘.._;..,f . L
: : N, B e ta N o
- - ““.ﬂu S Ty o ; }‘ DI
v + gk "I“" N e S

7777777

,..
Fa

H

rs

f:

/

rrrrr
rrrrrr

o -+
I.'
S
%
LI |

b
-
“nenf
:ﬁam

.lh“\'lll l."'.
J,.-i"‘:-i. Rl ﬁ\'

4 4 4 C FA 4 4 4 4 FA4 449794 F+F4 444
= L 3

rrrrr

hr"‘*‘*‘”‘-h*h-{' h
_‘-
f-; A Ty - e
g Ny -
Paiei e,

M ooh- W rL R - Akt B v & 4% L r& % - AF &R vh B A - R W ohkd & -" R A hd W - L A &= 41 W E &- = AT R & h - W 4% W o Ek- W LFE o %- W AE o L- &AW

+ 4 4 4 4 4 C FA4 44 44 F 44 44004
L9

4 4 4 4 4 F 44 4 44 F+ 4 4 440
L9 L = 3

- o o

ey

~

P Tl

R L T R T O T

RN iy
> ~,

W

-

x

T
A
iy~

L 2

!

Y.

P
" '
L E
SR R Sl SEL .
:':l' 1‘1'- ‘: ""-:_:"'q. "‘i'"t dl_l._“_‘_l.-'rq'i'-}."-!q " -.l_' “
ra Y ;,'l TTr T A l-il"q""'i""-‘l S N ‘,l.i_-* w
r."i,.“ T !'J‘, '\.-‘H.'h‘llhh"ﬁ'“hzﬁﬂi "tb:" ‘_ﬁ‘_lulr"l'“' :
N Ny Ly LR E&‘mﬂw
'.ql..'-i‘ ) l..-I -"5"".‘ et *
‘t“‘_.“.::"l‘-liql-'ll“- ‘h .
T - iy AW L



U.S. Patent Feb. 28, 2023 Sheet 8 of 35 US 11,590,271 B2




US 11,590,271 B2

Sheet 9 of 35

Feb. 28, 2023

U.S. Patent




U.S. Patent Feb. 28, 2023 Sheet 10 of 35 US 11,590,271 B2




U.S. Patent Feb. 28, 2023 Sheet 11 of 35 US 11,590,271 B2

FIG. 12b



U.S. Patent Feb. 28, 2023 Sheet 12 of 35 US 11,590,271 B2

FIG. 12c¢C



US 11,590,271 B2

Sheet 13 of 35

Feb. 28, 2023

U.S. Patent

S el Did

.1IIII.II-.IIIII| -
t- f a ! ] * ] L_ ] ! ] L_. r r
-.-.“l.-_l-.l .-l.un_t.l.-l-_-llltlllul.-.l-.lllll.‘_ -I.__nil_.rlll.__..l.'ltll-l.“l.'l-.l __l =g -

] . 1 r F 1
l"l_-..l-_.l“lﬂl.“.l___.___-.l“ll'lﬂl.__.ll-.lul"..lll-l“.l._‘.l.“ L.__l”.lﬂll“lllll“ll"l_“.l._ll.luﬂl l__-.. - - - l"l.-.l-..l“ll'l l“l"l
F - R

| ]
g
4
'I'i|'I
4

-
.
b

4 L
e
'I“'l

1

h%u
. 1"
%

r
ll_-.l-.l - __-.lll ] - [
: ) SR A A A N S A B S N AR S
- I.-_I-.II.-I Ix.l.-.l - Iulll I.-.I-.II-I -p R I I.-_Iull-l - I..-I.__.Il I.II.___-II -, - -
; ) * 4 ] 1 4 " v ' [] a [ r [] [] !
A LR R -_.-._.-.,:..__-..-___u:.__-u-,.:.__-h_. R T T

FFFF FFEFEEEEEFEEFEEFEFFF
FE FFE FFEEEEEFEEFEFEEFFE
FFFF F FFEFFFFFFFFF
FEF FE FFEFEEEFEFEFFFF
FE O F FEFEEEEEFEFEFEFEF
FFF F F FFFEFEFFFFFFF
NN FEFEEFEFFFEFFFF
FE FFE FFEEEEEFEEFEFEEFFE
FFFF F FFEFFFFFFFFF
FEF FE FFEFEEEFEFEFFFF
o e N o - e e oo e oo SUHCEENESENUNUHENEESUNE l.l.l.l.l.l.l.l...‘
- - - il i . .
[ IR NI oo - DR R T N T T (I LI IR R - F F  F F F F F F F o aURL N I R T R
ATt L Mt STa AT, ST et Fi
i FE O F FFEFEEEFEEFEEEFEF
. R -+ - TN B e A m o, PN NNy « -, «w e ff
- o e NN - LI Ty LA B LI T L F R R EFFF FFF F F R LB I Y
FFF F F FFFEFEFFFFFFF f
i - NN FEFEEFEFFFEFFFF
FE - - - FEFFEEEEEEFEFFF
FoF
r
FF
3
FF
r
FoF
r
FF
r
FF

L
EE
L
ol
+
.l“.l.ﬂ.l " ] 1
-y 1 T
» b + [ 1 !
Ml.‘. LR a ou
> + + ' . i
“l..-_..l.”l. & “ll"l.l_.
iL—.I a =3 '] I.-.I-
¢ % +
4. - o 1 s -..1
*“ l—_l + ’ l-l [ ]
...._._.' 3 . ! ' i
W e o
[l .___- .-__. 7 .-__. o .._.___”.._. + ” [ ] .___- ' { [ ] ¥ [ [ ' ! i 1 " F 4 r F [ ] ' [ ' ! r . ! F ¥ 4 ! a * 4 [ ' i
1._.|._.._.l.....1._.....l.._.l._..._-....._..l._.1._.._. + 4 p ...l._.._-.._.._..-_._.l...._. + 4 s p s ._..-._.._I._.... ._.I._.._.._.._..l...-.._.._. ._..-._.__-.._. - r LN ....-......-........-....1.............-.....1......1....._. ._.._..l._.I._..._-.._.._..-_._.1._.._..1_.._.l._.._-.._.._..L.._.l._.__I._..._..l._.1._.._.t-i.-_._.1._.._..-__.._.li..._.._.i LN B
[ ) b r F i ] i ' [ ] * [ r 4 [] ' 4 ! .___. [ F ' [ ] 1 » N 4 [ ] p ' a A r r [ i i 1 r ] [ ] I [ 4 p | a F [ . i
1..1._“ ."..1-1.1.-.1.1.11-.1!1%.1.1.1\.1‘.1.."_..1“_.1-1.1.1.‘.1.1..11.1.1._.1.-..11-.1!.1.1.1."_.1\-.1.1._-.11-_.1-1.1...1.1.1“.1-.1.“.1.'.11-.1.1.1.1..1.1!1.1__.__-.1 “i”\” ..“..1.“_..1‘.1..-._&__..1.."..1.\..1-..1..“..1.“..1“1.1...".1._“.11.1!1.1.-..1.1.1.1-.11.1._“._..1.'.11-.1-1.“.11.1-1.1.-.1.‘.1.1-.1!1..“__..1.-..11-.11.1.“.1.“_.1-1.1.1._-.1.1..1.-.1.1..1." .1-.1.._“.
lll.ll. ll.ll.li.hl.l.l.ll.‘l ll.ll.l_-._.ll. ll. l.ll.-.l.l.-.ll. l‘li."l.l_-.ll.h. - ll.l_-._ll.lﬁ.ll.‘l - l.l_-.ll. l‘.ll.- l.l.‘.ll. ll.ll.li.ll.h.ll.h. ll.'l.ll.ll.h.ll.‘l ll.hl.l.i.ll. ll.‘l.l_-._.ll. ' h. ll.'l.l * ¥ ll. l .-_.l l‘.ll. ll.- I.ll.ll. ll.ll.ll.-ll.lill. ll.ll.l.-."l.l.l.ll. ll.-.l. _-.ll. - ‘ li."l.l.-.ll.‘l - Il.li."l.lu. 1\ ll.ll.l.-__ll. ll. 1'.1-..1'4'1 ll.‘l.ll..ll.l‘.ll.‘c. ll.ll.li.ll.h. - ll.ll.l

[
[ FFEFFEFEEFEEEFEFEFEFF
FFFF FF FFFFF F FFFFEFEFEEFEFEFEEFEF
FoFF FFFFEFEFEFF FFFEFEEFEEFEEEFEFEFEEFEEFEF
FF R F FFEFFFFF F FFFFEEFEFEFEFFEFEF
FoF B FFFEFEFEEFEFE FFEFEFEEFEEEEFEFEEFEFF
FFFF FFFFFFF FFFFEFEEFEFEEFEEFFEF
FoF B FFFFEFFEFF FFEFEFEFEEFEEEFEFEFEFF
- FFE R F FFEFFFFF FFFFEFEEFEFEEFEFEFEF
FoF B FFFFEFEEFF FEFEFEFEEFEEEFEFEFFF
et \.1.1_“‘. .‘.\.1_“1_“.. NN P e e e e e o
T e FFEOFF st - .|. NN - L N L. L]
= oo R . L = N L LI NN Y Y @ = = = L
FFFF FF FFFFF F FFFFEFEFEEFEFEFEEFEF
LI T R F o+ - UL RN N T R T N FEFFEFFFOFIETEN LI B TSI LRI F r F F F F F FoFFoF F SRR T .o
LI « NN " % % xR m . TR e (SRR % = 0 oy N __1-_____ FF ok ok B F FFFFoFoF ORI R R
FoF B FFFFFEFFF FFFFFEFEEFEEFEFEEFEEFEFEF [
oaw FFFF ] . I R F F F FFFF oA B "row o, + F F F FFFFFEFFEFF R LI
LI T T L . " wmoa LB LB F o ok F kb I IR NN I A R R F F F F F F F F F F F b F TN LN T
- FFEOFOF N . - FFF FFFF N N . - FFFFFEFEFEFEEEFEE .
FoF B FFFFFFFF LML LML -
b -
FoF
' - w ottt
N aruraPelsm
- A
k .
FoE
\ '

.l.l‘_.ln.l.L...l._-.lt-.l-.l.-_..I.I.ltl.l.l..-.l.-_.l-.l.l.__.l.t.l.‘-.ll.l.L..l\.l‘l.l.l..-..l.-..l-.l .l..- - m
R’ i 1 i A ¥ » } 4 ] ._- iy L £ ] | M
_-_l.-..l.ll_.___.ll.l.._-.llll!l._.ll-ll_l-_.l-l.l-_-l.-.l.__..l-.ll.l!lll-.lll-..l-lﬂlll__-.llll...___l__..ltll-.l.._-_..l-_.l.ll-ll.l._-..ll.l-.-l.__.l.___..l Ll-_.lq
! r ...___....l.._ .._....._l.._ ! .._.._l__.._l... .._-... o ”_._._..."..__.l
r

i
7o
- o=

!

#mﬂﬂ
”..ll-.ll
¥ r
W%Wﬁ
P

dapa
[ Y ’
\-.l-.l....
PR TR TR T T TN TET T WE T TETTTTTTET TR TR T W ._.._"
LI | F A i » r

d -
n .
£
R\hkﬁ&Th\#\\R\hk1\1k\kHiﬂ?kk#\ﬁﬁkh\\R\RRH\ﬁJﬂk\ikﬂd?%\\\ﬂﬁ\hkﬁ\\k\#\iﬂ?hkﬂ\ 1\1\
- A # > 3
AOD SR MR AT A ARSI AR ORISR GBI Y. .



U.S. Patent Feb. 28, 2023 Sheet 14 of 35 US 11,590,271 B2

'y Fl
el ik ek s al s
¢ F)
.i-.p.'p-+..‘-
Il

- e " e
] 0 1
LA """- 'I-_"- = S Y T
whab - e ey et
" - y A " 1 = 4 o1
-.I.-."lh-. LI B LI L oo ok =
» :: y A » i = b L |
- - LT T™ . v 11-1_’- o T B
% e ]
;%1% RQ%{ L P ‘%{51 {H{x
F & " 4 r " a * iq 0 "h.. 1
i ] , -«_‘-a-a._ . :' :' 1!. -y -h'l. -«1-4
L . e L]
1-:‘- LS 1"-1:'- - --: :_. : :'- -:1 'q'. 1:. 1:'-
1-.-‘-.-'-\.,.""*-.- et i, ST "-.-"'\-"'.-"\-'. bt
. v . -a o o
. .. [ L] . R [ .
- . . -
Y w1 E o T :h\ i = N [ T.
L 'Il"!"'!‘ N - L B 3T '.
[ 3 % "-.\_ 4 [ ] “a . q [ n i"-.. 4 .
I e e e B ) Y * Tew ey "‘\1,_ e B T
. n N . -I| . - q [ ] n "h . .l| ‘i
- - Rl CAERE T I -". - JEILNE L
o o e o LI b -t DD
""" - ||' "1 - -I T.. ; 4 - 'H'. 1~' "1 .: ‘I :'.
1-.-:-.-"1.1"'\- "h-"'-.-:-.-"n-:'-.- IR - ':-.-"\-:\-"1.'. ‘-.-'t.-"a-:-.- :. o
"R "'l-ll ‘.lll. [ Y r'I -
. ) . " .
[ 3 4 [ ] - q [ ] L ] i 1 o
ivt‘v 1,_1-11-'. 11-'.1_1- b LI
» 4 3 1 = " 1 W
oo N M L - :
a {l L - a™s l: shoa's
* L L Lo
v ot oty ot bt
. oo o Lo E,
‘t-.b-. A R S F 9 Lok gL
* o1k 1 = n Lo
L LN u LI nERE
b y 1w "y i s h LA
ivt‘v 1,_1-11-'. ‘- 11-'.1-_1- T
» 4 [ . i LI | 4
-y ::....‘....._ :- - ----?. -:---1-
l.:l IEI ""h I:I I.:I :: : : = : : :I I:I -: It I:I -: ... b
L] - L] L ] . o
- mm :.-:-. - T'. :-.-:- -.'. -:--:- -: o
lll.ll"ll.ll LI L - oo LA R i" 1':
. gy A " . L] LI | [ | ’ 1, .
lltl nE RN ..III: nERE r: L
¥ 1 F i s h 1 LI P
TN R rhiats e T W
[ 4 [ ] q [ ] L ] 1 - b
-.I-- 1Y W 4 [ 3 q [ ] L ] |hl 4
.. EERE LN ] E R . L
- N . v e
]
- - L S - iy = - - '
Y | - i = 4 g1 .
-ll-l"'ill e dkah ko -k
[ Y P [ O | LA
Iltl LI L LR N LI
L ]
;%HH HQH{ ‘w{wﬁ {H{w
[ 8 4 » i L] L |
R :'HI‘II._ - ln.lu-!,. l|.:-|.-|.1l|.
1-"1- It!- 'h- 1-11- 1-"1- 1!- 1-‘1- » ‘h !-11-
* o1k L Lo
w"'-.-*{'ﬁ.- wenthon iy ".-"1.-"\1-"'\-.. b ety
* L L Lo
-llull"'nll ek ko -k
[ 8 y A » L] LI | o1
ll-::-!- LA B TrEF LI L
L ]
;»tw H;H; ‘3;51 4&;5
.ﬁ -~ ' 1- " :-l li:-iw: ll""'ii-l:ll :
1-1-1-": 1-':1-"': 1-. 1"1- 1.|1l':'-|l ': 1-'1-1- '||l'||l :'!1:1- 1.. 1{- 1-:1 ::
Hhﬁbﬁ%ﬁ%#%h%h%ﬁﬁ%ﬁ%%%%%ﬂ L e ey b
13 . Y ] » . . 3 L] [ 3 { = Y 4 i'
-nl.-n"'nllll - -llltlll"hnll - L] LU LR !'
q 3 L | ] L | r'
1Tr*ETr T -
4 ] Ll n L | 1Y
3 :-.-.:-.-:-.q.-.l..-.'h.-.-.-.-.-l-.q.-.l..-.h-.-.:-.-.:
p 1 L] " 4 =
1?1:'! "!1‘1 ‘111'.1"!-1%1"11}111'.1"-1‘-1"
A .
1R
1 I
4 - =g
i, 0
+ LT
1
: Qﬁﬁ%
= | o'
1 + TR
L e 4 iy
LI + R
Lk~ 1
LI + L .
R EER ¥ LEC L .
LI + L "y
LE R R + :"
[T 4 o . .-
Nt T : -.."' wt S
et 4 sh ' e -
1 ¥ » [ | o,
o | ] "
1 1] 4 L | LI .
A =k Y -k i' Lo
] » ¥ ] 4 F LI
& EEE lq'lq.l r: =T
LI + T L P
LN A "= . - :.
.-l lt:-t L] !hﬁ -l:-l o -"
L] ] h ) ii
ot | sk e *
LI + L
oL 4 LR
LI + L
LI " LI L] M
LI + T
4k EE ¥ LEC L
LI + L
(R " ry
| » : 1"‘ L | v
e Lh oy L
Y uta | et et
LI + L. "
L L L R
1 ¥ (R | a2
LI LIC AL Y i' L
L] L L | r -
Ak ER l. q,_"'l. | 1 r: LR m
[ ] [ ] 1 o
o Qﬁﬁ% .
'\ e Al aln
..|. 1-.‘1- |-~l- !-11-
LI LA
et e e
LI LA
LB - ok
e v Lo
l..'- '!‘ 1T T*TET TRTAY
] LIS L] L I.h\- 1
:‘;""ﬁ ek Ty
F" Sl o o
& "l "‘ ™ "-1-:1- iyt
I‘, ) ] KA A
: P L Lo L {Hﬁh ..ﬂ.ﬂ:
- ] - ] » ] 4 LI
-l..!--‘- PR . e -.:h.-.:-. : N 1_{
Ly & % LI 1 L
- Il- LB RE 'l"!'q" ., . 1? "
| I - ] ] P | r
o " .
:"-_ln",:h‘",. '-.:"-.‘:'-. ety R "
A ..:i “ . W 4 : T T T T TTTTTT
] "h ‘_"l. - | ':-' . ST T T T T T T v T
1?1:'! AR BN - e e e T
L] 4 -
"\..1"‘\-"\‘ h't.-u:q. '-:"-\.w‘\. . :' R
- -:- LI _:._ _:_ : .: -'._
L) LA |
v LI B L] L) L N N L] LI L ) 1"-11'-1.1_ 1.
L] 1 L . 1 L b L] 1 .'
% L L] AR
'l-\_\.'l-\_'n_ '1\_1:15_'\.1\_'._1\_‘\_1\.,}1\_1:1\_1:1\_‘\.1\_'._1\_‘\_ h"‘-\_":"\_ X W d - R u --t
L] 4 [ ] 4 L] [ ] 4 . Fl
l,":tq. ni.:t-,.tq.ilt:'lt*tt:tl.'iq.tlt"-iit ili:'l :i..i .\,-:.f::
Y L] [ _'| Y 4 - .'l .-
\111 111_\- T -d-'--l-.l
1 [ | ] - R
e - ) S
-l i:i T :i i.:i l: izl. i:i : -: ._
y o . r, . ._
1-"!-1:1- ::- :'!1:1-1: ':'1:"' "o, ":..
- A . -': LR P A= R - -_:
W L] " lr 4 1 _'| 4 4 - ill .-
il'.iq. -I' lr q.ili_'l. LI LN -!'..
W' N 1 = 4 T | N
= a :-. - mw = = » = Lttt bttt
..b n -t ey ..:.. nen S
RN e W d L
L . T
- - L __'l . T T T T T T T T T.T i
W L] 4 1 _'| 4 4 T T T T T T T T
el Tl LICL Y 4 o on =~ IREE R L L
L% L] 1 L] _'l L] 1 . ~
oA a LN L .\,.-.ql'_l
1Y N 4 = _'I LY 4 . ‘d. +l .-
--'.-‘-- ‘---.1.- L ..-'. l'...
H 1 L | [ Y L] *h 4 - .-.. I".., }
"'.. e . LY ln‘. e . -'._
wle ula . i.-il: o J r -:h ._
L - T o R
[ W L N L e T ‘.._
LY 1 4 [ _'l 4 4 . - .'.-
A LEL R LN Y . i-l
L] E | [ ] L] 4 . om.
il"':iq. ..lli:'l :i..i .-:.f:: m
[ | L | [ L] 4 m 4 oa +
] LI |
"\..1"‘\-"\‘"\.- # '-.'-."-.'_:.- '-:"\.1"-. - ' ' u
- S
0 L]

+

+*

+*
el P N

i .

bR

e
..l‘.t.-".t.-.n-.t
'

+
+

+
+

i

A
.
f

e v st
i ey Ty A
L. A
LR AL ety : - R
v ! IR SR
A LR " '_.._
- 4 1 s T [
1|.1l'|: ."'-""':.||I ::-::l-._
"Hb-""h- '\:""n-"‘"q- - .-:. .::
ll::n ll:ll l:ﬁ l:li : l': "I
. et : "? .l-..
y ! 1-1-1-1-1-1--'1:-‘:1.1- . Ipp S
iy e e B g e e e e Y oy e e
LI LI , 10w , b
-.-..-.q.-. q.-.l.-._'h.-.-.-.-.-'.-.q.-.l.-. -.-.-.l-.q,'-.q.-.
L] E | [ ] L] L | 3 4
'I'":'!" 1-'-1-'\-11'1-1-‘1 111111"!1"!1'1 *'1-11-
L]

:;._..

4
e

-.--..---..-q.-ln'h-i--..‘--"-q.-lnl:.-
LIPS S S O SO
- 1"11.11:1 1‘ 11 rTRTAY -

1 13 4 .




U.S. Patent Feb. 28, 2023 Sheet 15 of 35 US 11,590,271 B2

L2
=T

400
FIG. 14



US 11,590,271 B2

Sheet 16 of 35

Feb. 28, 2023

U.S. Patent




U.S. Patent Feb. 28, 2023 Sheet 17 of 35 US 11,590,271 B2

o

Yy
Yy
.*‘
Yy
Yy
P :"
- - .
T - F i g I
. "',.'." ',
L L L I
T - -k |-‘I T . . a
LA e e L A et
-"l-‘.q-*x ] . -I-* l.ll - '*l
F F B i [ ) » ¥
.#"I.#*It ) 'Jl. ’
L i, -
L S - -
v I
| O N
oo 3
LA A
.- ..
Y I
B -.--.-r-.-n-;.;.-:.-;.-.-\.-. [l el Y o
[ LI ol r [
oy )

. q'&*4*a-*l'b’~'a-'a-" 2Ol
A kR R RN o EE
#ll'lrllr#l"-
‘_!ll'lrlr*hlll

l*.‘l.

WA
-|-l-l-l'l--ll-l-ll'l-l-lqu
.;,;..-"'.."" Ll ) L

.#l*lbil“"l-l'-l . A rlllll

-I-bl
-I._' i-II #l:ll'l'

l'lr-ll #!'*#*il‘r"
q-l-l'

.-I-I‘Jrl

L}
I t*:‘lt##l'l"‘
& & & -I'Jr*‘r"

AL )
- A P Pt
v L L ‘_ wE A la-l-l-l-l-I
N . *4- :.:Jr‘l-:.-:lﬂ N NN PN e
.
. ¥ § l'*- . -f:=.l' :ln IF l-*l‘l ! L] *:*.,"'."'..‘:'.." o
L 4 L L r - LI ] b &k -0 LI ] - - LA NE B o b BB
T ¥ o= x IR A N LR . uarlrlllllrlarm‘I ..;'-"'n';";"'.." oy
. o [ oy -r ;,. Cal LN
. -
. Tat -r"il'a- o e l-*l-'* . "
I Lttt e R
F 3 el -rJrJ- LI N N R T
TE x X LN L
lr-lll'll-ll-llIl"'- s ol EF -
¥ JrJrJrl'l'l-I'll!-l' o kR
- a e 't*t"t*t*t*u'u' “xialy . .':.'a-"'-*‘-' N s
o SRLAC TN A A A S U AL R
N ‘ et kA A
R ) & ..."q.'l*-.l L . _.- "#'l' I:l*l._l_.l' L
NN LA e *-‘-':'!-' et
- > & -
- *"J‘*b" W 1‘-!‘.- & L] -Il‘ll:l:'.-.l - n dr':'
- T L L R R
" 'J. .I-'I- . -J'-}J,lq- - .
L]
FF - | ]
h:ir:ll _'- 1-: ~*h:ar:4r:'=*
- "‘l' :I._ B R
L 1w
. e
™ "-n.' "- -
B T B N
L L
W R T
'y :'-' ":' ':"
L IR el . .
" ¥ ]
[ T 1.. - "- 1.'- -I'J. - n '_!' -
I N O e L e
[ Lt ] o [ . r
Bt B . . - - Ll W L et
N & AL R o A
=k B L ) L] L ] A L
b *1‘ -rl.j ‘-*- ] -rl.j l'*' *j.
e 1;" ":."':-"--":-‘I 4':.' ¥ "-*... e r"
Al ok TR or X L ) L L .
*b"l » '-ln._ar.l- *J‘l S L ,r" L
LR ) + - L T ¥ . r
|-.|.J--J. r ko L] ,r‘l. .‘-‘,
I‘*-Il "'*J' - r iy
ET Ul I Y - & r
EN R L e
Ak N 'y
X ¥ T L .
Fh B [ LI
L R . Ly WO W
.'l‘lr-llI 'r*l -l‘ I.‘ ""' rt
et P M N PR »
v . LI N N . - - .
. » ™ _J-Ll-‘_l-._l-*l- 4-; BAN W L 'l;:k‘ . .
AT, - - B Tk .- w
. Ty Pl
N - O
RIS Pl .
-r.ll_l -

T T T on

M
o

)
.t
. v
.
. v
.
)
.
SR O
S .
Lo . . .
Ll T | . r L}
-*-.;_a-.-:i_ . . v
. . . X r
v v
) x
L o P ey
- - ;‘ - -‘J.-.‘- 1"'l1'r
- " . ] X om e
T S rx v
. - ma " . L alr
i/ " . ',
e
e .
K oy )
YT e .
.*"'**... L
K otk .
e LN
el
S
Tt
T iyt
iyt
NN
AG

r

x

J.rq LI e M .




U.S. Patent Feb. 28, 2023 Sheet 18 of 35 US 11,590,271 B2

501 -




U.S. Patent Feb. 28, 2023 Sheet 19 of 35 US 11,590,271 B2

-
- L 'l 'l 'l 'l 'l 'l 'l 'l 'l 'l ':* . . . = = =
-
-
-
-
-
-
-
-
-
-
-
-
A A T R R e T R AR, S e
s - e T e T e e e
i S
K B N R A R N N e X R e Y L e e Y
X
- ' .
- ".,' . A
o :n.
i A
W -
- *. ] i
ra-3 e
-

Y rer ey
REEEF

A na A A

- r
-
- '+ -
-
-
e s -
-
-
-
-
-
-

LA ol e L :"’.'.'."‘.'.".?.'.".'.".'.".'.".'.".".". v

FEEFEREN
'

.- a -

‘.-' )

W i
1%

: _#'M'-%:" :

.'.'.".'.".'.i

R R Y L

ey
> ,;.lpff'.

4

- * . -
av- [} .
TR ]
i) ) . . ) -
] - . S
-t . - - g -
™ -t . )
..... '} . " -y -
- i - B, 3
_.l-. " . % -
' . . J
) b i h “.- ok
L)
A

'l | ]

.
. . ' o it =5 5 n oy L
- it L
o gy g e T
A 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 _ 4 4 4 4 4 4 4 4 _4_4_4_4_4_4_41
441

d_d
[l
4

d_d 4 a4
-
.
T
L P T I
FEE T
1

Celeleirivial oL
dain'n'n’es

. |
Ll
4

e
.
.

4

[ Sl Sal Sl Ml S o e e ' ._'
by O
o - . L) o r
. r... - e,
; - a "
3 ; [ oy . i 5
e r i - Bl et
I . - -
- . . .
e e e

R S =

a d A WA AN N RN XNENE N EN T NENENERENENENEEYEENEYEIAAAAREAN
o o o e w oy w t oy

'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r'r‘-'r'r'r‘-'r'r'r‘-'rl-'rl-'r\-lpl-'_""'-

A AL A MR P AR AL
': 4
a
" s

L
4

- .-
o | r-
. .,
. "
- 1
a "
| N -
- »
. .,
. "
. o - .
y , A LA k,
oW ;o W - "
X , A LA " \
s ‘._ . i - '.‘ . - "
+or . . ,
- - - r d
-:. ‘.. .-t ) a r.‘_ -i-:.-
_r. '+ . - - 1 - ...-; . ™
¥ T A | LA T
- " - i . - .
TRt . - r-J-
..:. ‘.. - ) -. . '.J .
‘i' -.- - - A r.J-
. B ., . L
W N . A LA
WM ": i T L
i 'r*- -t o - r-J-
; * "I " --- h 3 - -' ’ -.-.J :
- N LR " o A LN
- . . L ! . - - 3 -. '-J .
W ., e oA LN
-... . - i - - .
2 - TR LA -
-‘.. ‘.. . - i - '.J . "- .
+ [ W, N
s ‘*. . - i - ...-; . '.‘.
- ] _ A - LN -
- Ex - RN | . '.‘ . . ‘-
S _ "m s ¥
- 1 N a_. ol
- e » I N
- ‘*. . -a o, B I ...-; .
" LA “u ‘i T -,
..... - - ) = . W
. X ' M)
-. .. . - .

4
=w

K
4
[

L]

d_d
=

d
4

'Il'
-*-
g
1.- ¥
* . », 3
- 1 L] '-
' -r‘i. ok ‘.‘
-.:- N - )
. N :..:
W
.

o
Ll
r

d
4
[

d
L]

ree .

4
[

d
L]

A rwiviies el deivieirlels
B
&

4
4

4
L

4
[

'!“!‘!‘!‘"!"'M.:;= - M

.'.".'.".'.".-
-.'.....'....

o AR A A A

‘e e T T
T e e e e e e
. e v

*,
1
. e
-
-
- -
B e o AT e AT e T S T T S S T R R
i il L
%...l# ' _;.I.l.l.l.;.. -.l.l. .i.l.l.l'l.l. -;.I.. -.I.I.E.I.l .‘ -l.. '-I.l.l.l..l.l.l ) I..:-‘ ':.l'l.l.l'l. 'l. . ..i.l..l.l -
-.-
-.-
| ]
L

-y ™
- A

“%“M““‘#‘t““‘ﬂt““‘ﬂt““%““

o

i, 19

¥ - X,
R R

- . i 1‘.-f-‘-f-'lf-'.-f-'-f-'lf$ I
. ' 3
L )
] e _'_ll

Tl e e e e e e e e e e e et e e e et Tl e e e e et sl e e e e e e ate el iee'ee' Tels da'eielaiels Jet eleeie'e el e Celeietelele et ainte ein'ete el Telnteintetetu ate reln'elnn'e S Tels slelalale

"Jl-f‘ll-:‘ll-f‘lrf‘-{‘-"l- e e e e e e e e e "y e e e e e e e e e e e e e e e l-f‘-f‘ll-f‘ll-f‘-{‘-{‘l- e l:‘-f‘ll-:‘-f‘ll-f‘lrf‘ .
. ..
52 . .
. . .
T . | 1 R 4
v A o+
. LA .

1 4 'l '|
.
A . "ir*'i" rrrrrrrrrrrrrr e :l:-:l:l:-:l:l:-:l:l: X
- e ) . .
T LI - | 9 9 % % 9. 9 _9_9_°9_19_°9_+"9.1 a9 % 8 9 9 9 4 9 _9_9_19_ 19 541
LA . .i..".'i" .."..".."..".."..".."..".."..".."..".."..%.."..".."..".."..".."..".."..".."..".."..".."
\

4

-

g, %,
\

44 4 _4_4
-

4
A
I

-

A4 4 4 4 4 _4_4
-

4
-

-

Tutete et fet AeetetelnTe et 4t
A A A e

4 4 4 _4_4_4

R R xRN

44 4 _4_4

A M M R MW,

s e il Tl T Tl ¥

4
[ Sl Sl Sl Sl R o i Yl Vil Sl Sl N Rl Rl Ml e el et el S Bl e Sl

-
r
pm
it

e i N
- W AN e A
. i
;- . .
"o
il A
L | 1
L Pt P

A4 4 4 4 4 _4_4
- -

4

-

o SRR e SR .

4 4 4 _4_4_4
-

X e A AT A A At A A AT AT A AT R At T At A T T A A A AT

.
3
3 3 §
& .
* :
ﬂ" : : +
l'_ll_ i - g 14 F gy
o s ) . - f s .
i :: . " . e N A *
" .,: 5: . - ﬂ'. . k _. : , _ . .,: :.
: | R L I I o e % WS |
: .. § 5 . ] _. . 1.-.'.. -.‘-.‘-.‘-.‘-.‘-.‘-.‘-.‘-.‘-.‘-.‘h‘-.‘-.‘-.‘-.‘-.‘-.‘-.‘-. ] wmm '~‘~‘~‘~‘~‘~‘~*~‘~‘~‘~*~‘-.‘-.‘u‘-.‘-.‘-.‘-.‘-.‘-.‘-. ...: .. - » - ' .
; - . gy oL i - e -
; : R oo amteatgagm i atmtw e et e e e e e e e AL eielelninin " Z -
) : ?: L yfehle ;r.-;-.-;-:-aﬂi‘l‘:::-:t;-:t;.'.';-;«.-;t-ﬂ‘:.-;f.-;-.-;t.-;«.-;t.-. o, o o, S Y 3
) . _.-_-: oy s A
; X L= : ety 5w
0) et -1 e 1% :
; N Attt o ' : W -
) s | % | ; g
S v X . u % e "
A 3 3 1 R . E g vl
; ; L - 3 - x : " X .
.. N $ : . . - -r‘i. B T
LN ) ' o 3 3 " b3 ® . >
PR Y - .3 33 ' . S 3 - oy
_.‘. - A i 2 - .: . a s .- - . - 1 -
L) . . L . ...' . i, N -"i'l!::}:. . + - R ' » ».
;:3_;{:3 ; < LS g: - 33 Co " 5 | ¥ i )
W - s 1 r . : . ..-' a '-._ . -l : . . ¥ "
R N X : o ] . . F-3 _ g Tite
(RS | T : "-.:'tk i : L2y - o
- i L. . 1..::35& " . ,t - ..
A § _ 2 : X : " S 23 .
: % E$ X . . * - 3 g x oA
X ’ QL . 5 K ) -y :
; ., : o R 5 - - ) K3 :
-~ LW LA ) . My . A .
- Rl . ,...' - | 2 -l -, . -Ta -l . .
i . " . i . iy -
- : 4 g v, - : :
; * ﬂ-?, g . “ . . 3! b
x - ﬂ: .Y . . o i : * I 4
- 1 - - - 4 £ -I: 1 a, - - 1" ]
. . - . y g : X% g §
Lt .1._ g " .l L L a
¥ LB : . 3 : : 5 2
- i . y - . .
. . - :
) ) .
" .
v 3 %
: FE E
., . W, 3
; ' ;s %
" . ;
. e o
! |

Y O S W S JC D T DT R WA QT O P

[ A A X AL A X A L AL A XN X

)
w;
-
-
r
-
-
r
-
-
r
-
-
r
-
-
r
-
-
r
-
ﬁ 1
=

L] -
a
a
-
Wb & 'a L] 'a L T P W | 4
L]
' n.'n.'n.'n.'n.'n.'n.'n.'n.'n.'n. [3 -

R TR g ey r RN,

ettt et TateTeteete e ettt et ettt e
"
s

-
) s
-
. e it e e M e T M e e A e e e e e e e .I.'I.'I.'I.'I.'I.'I.'I.'I.'I-'I.'I.'I.'I.'I.'I.'I.'I.'I.'I.
) v ]
- s
A
) s .
- ,.:. e g
4
* - . :
.
AL ELAES R AR A R B SRR e A AR R R R R it AR Ay - EEE s '....‘.'l.‘.'.‘.'l.‘.'.... S i R R v .'l.....'l.‘.'.‘.'l.‘.'. C .,
. . ™ 3
............... o
B i e e B e e B e e e i e i e e w B e e e B e e e e e e e e B w B e e e e b e e e e B el e e e e e B e e e e e b !I'I'I,’-h-l'll e B A W ]
-
v ]
o X
'S i
s
'F.J
1 L)




U.S. Patent Feb. 28, 2023 Sheet 20 of 35 US 11,590,271 B2

-.} - 4 .
* ‘1“1“1“1“1“1“\{ i}
P -':\'-.

-
LT e e T T 5:; T T T T T T L9
R s 3 o

AR .

T e T T T e T T T

[ ]
TR RIIINyY -
-
. RAS b

4 4
i
[ ]
5
e

| - P
a“‘i " \H . FEF R F R E R E R F R F b F R+
-

-
- -
-
s . .'ﬂ\..‘-.} : .
-
- - il
ok + HH - - 1 *F‘
rr T T - -
- . = - T - 1 -
r v LY r T -
- i - - L
't -
. . -
- - . e -
'y - - - -
- - -
h -
- T -
. - - Y -
‘ - v 4 - T v - a
- ‘ -
-
. . ) .
+F -
- LR . -
- w e -
. - Y -
-
) - . '-f -
f, - - -, -
-
- + -
L
. . - . "
. - -
A - T :}
% . agliys -
: * Y] s e
- " = -
- - T + T - r v . H.
+ + + + + + + + F + + + + + F F vt Frrr o + + + + + + + + r - .‘ h.
T T T T T T T ]
- v T - o - _t‘-‘l-
- .
r - -
- -
-
-q-ﬁ -
-
- - - r
.
.
-
-+ -
+ -
N, -
‘\ T
X -
Jk T
-
-
-
. -
* % % % + 4+ + + 4+ T rrTrTrrTrTTTTTTTTTTTT T
-
E ' ..'. -
11 o -
e -
LY %] t -
.,
-
iy ! . :
i x. ¢
, - - M
‘I. T T T - - L -
L
- LT, . -
T T T T T T T T T T T T T T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTS
- - r T - T T +
ﬂ‘ - . o
., ., - -
. -
- + - T
x - . . B S . B B B B B B B B B - + -
g h ) e o : i, i 3
t T T T r + + + rr T TFrTrTrTTrTrTTTrTTT T T TrTrTrrTrrrrrrT + ++
"y rr oo - T - L N - - - - T - +
. T . - -
rT T T r T T - ? ‘ [ ] - - -
- -
T T - - ‘ ] - -
T - . .
= r T T - ‘ [ ] - -
o Tl - y 1_ L . N N
- . - v
L] - - - - v T - r T - -
- - 2T T T T T - oo
- -
- -
- - -
r r +
[, - -
T
s - -
“ T T T T
e - -
-
L - -
e
[ - -
+
- -
- -
- - -
- - -
- -
T + T T
-
- - " " e e e e e e e e e e . [ ' -
-
) ‘. -
+ r T T ﬂ
- - T -
- + " i,
- - T T L = = -
- ¥ r ‘
- + - -
- -
r + + T ‘ T
-

+
- - + -
T + r T
TrTTTTTTTTTTTTTTTT
' - T - T T
LK -
r
. '

L)
.
W

4 +
4
L |
4
L]
4
s e e ey

4
+
-,
+
4
4
a
4
.
qj

\
PN N

'r'f' e T T i - "r' - -ﬁ-. : H ﬂ'
":H i WA, . 1-"'1-:-.-'1- ": a y -‘t““‘_‘.‘ LE Y n'-"\-’h‘:‘ﬁ "l.‘
. , : *
Y
b

-
+
1 4
4
L]
1 4
4 4
1 4
4
4 4
4 1
4

-.-"'1::}. A R el

R B o Ty ey T ey T e e e e T e e - T

- T
el
- TaTeTe
et
ST
-
-
- )
.
+ L
+ T
-
- -
+ L
et i -,
- -
-

L

r’

FIG. 20

S N N S N S S N S S N S N S N

=
H TTTTTTT
. *
5 -

gh

-
-
.
B - L]
. »
-
-
-
.
-
-
" - .
- - rrrTTrTTT T T T T T T T T T T T T T T i
L/ M -
. - -
4 - -
- - -
-
H r r T T - - -. ﬁ-
e Ty
+ S - - - -
y R
7 -7 - -
-y -
- - -
-
. - -
-
- - - -
T -y
T T - -
- -
T ey - -
e e -
- -
-
- - -
- L]
- - b 9T -
-
- - -
-
- -
-
. -
-
. - -
| - (|
- - - -
-
L -+ - ‘ﬁf
- i~ '
- Ty
- ) - r T n"
- - - -
e i . T - -
rr T TTTTTTTTTTTETTTETTTCNTTYTTYTTTYTT T T YT rrTrrTTTETTTTTTETTTTTTT T OTT - o
- - -7 - -
-
- - oy
-
. -
T
- Ty
ey
- Ty
. -
- -
- -
. [ el -
- -
- ‘ -
. ¥ -
. ¥ -
- ) e -
-
. ¥ -
-
- KRR -
-
1] -
‘ f T
1 . -
-
. ¥ -
i
Ty » -
T
e -
e
T - -
oo ]
- T - F -
T plagin E
Ll T T T r + T T -
T o T
- o e e e e e e e e i e
Ll - ¥ r T T T * T T T T T TTTTTTTTTTTTTTTTTTTTT T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT™TT ™1
T o - . -y -y -
L e - -
- - - . -
e e T -
T e - . - -
e e AT T - - .
rTrTrTTTrTTTTTY iy r T r - - e e e e e e e T e e e
rTrTrrTTTTTT T 'ﬂ L - 1 D N N NN
rrrTrTrTrTrTT L r T T r - -
e e e e T - ]
R T . - -
e e e . - ]
rrTrTTTCT - - r -+ s
T - [ ]
R - . - -
e e ey - . i ]
T - - iyl - - -
g iy
- rrrTTTTTTTTTTTTTTTT YT T T rTrTTTTTTTTECTTETTTYTT T TN rrTTrT n
i =TTy
- - - - -
. - ]
- - -
- 1
. n
. . 1 m
- 1
- - -
T .l"'l i
T e e . e e e e e e e e e e e .
- - -
-
- - e et W "
-
- . n
-
- ‘q.,‘ -
+
- - oy -
-
. { n
- ] )
- - -
. T - b
- -
i - b
-y n
o or - [
v - -
T + ]
- - -

r
- -
- T - T

++ ++ T tTrrrTr+t o+
T T T T TTT - T T T
r T - T
r T

r T
- -
- TrT T T T T r T
r vt T T - v T - r T L ﬂ“hh .h‘ﬂ-
T T v - or L™ e L]
T
- L

4
4
4
4
4
4
4
1
4
4
1
4
4 1
4 4 4 4
4 4
1 4 1
Lk B X E E K K L K _E L J

T TTTTTT

FIG. 21



US 11,590,271 B2

Sheet 21 of 35

Feb. 28, 2023

U.S. Patent

FIG, 22

FiG. 23a



US 11,590,271 B2

Sheet 22 of 35

Feb. 28, 2023

U.S. Patent

s
3
A




U.S. Patent Feb. 28, 2023 Sheet 23 of 35 US 11,590,271 B2




U.S. Patent Feb. 28, 2023 Sheet 24 of 35 US 11,590,271 B2




U.S. Patent Feb. 28, 2023 Sheet 25 of 35 US 11,590,271 B2

O oader

& ™ Failure
AT Dassetie N | §
‘\V s K e 3 , ESEECTR Y.

,f“f ™, No detection

jx Canselta &h\,%_ R o N
o . . e o o o %
{”‘ RERRQT {3 ,}M“w“ww% {‘m SR JQE § \

-h

H’\H Ciplionat 07 N, Lpsonss f

o
._."{a‘ . -
- o
o ] .;_1
" W " .'/‘.I, Bl
]
l--../e = b
L%, . L,
h
o .

Detegtion
¥

ffﬁﬁ.&\ |

<7 N After ime perios
. No detention

CEsssiie -
o } = i user

%\_V RENE i}
5 rs "

L]
2

3 b e HON

osaatiy inseriad = Sfowr aohivahon

FIG. 27



U.S. Patent

Feb. 28, 2023 Sheet 26 of 35

Loamsails iserted

AN q
o Py
o .

Iy dikey

A N
<ﬁ Chreabivgy &8 nwﬂw,r
“\\ . e

'L‘:l?_“ ..:g'l‘"
N

ﬁw.‘

vos W
; -.;*“'?:“'ﬁ
ﬁr‘f ‘\\,ﬂ
v

.

ptanst

Adarm

> HRSTR Wsey

wﬁiwatam aﬁam:ﬁ;ﬁ:-:::}
! | . ',.'4.
", -
AN o
"n-.\r‘ r

¥ Good

braittishe dosding

X
N

Adarm

US 11,590,271 B2

v

1853 KRR

,,f‘ N Thrashicds resahes

A e iy m\

“\Ei-‘:‘sﬂ tosd data 3
P
\f

ol

- \\ Adter lros paood
RN slalaeiion

f' AN
Nemifon sensar o

\ o

"# Curehnt Sl -.::¢ \,‘

et dosgd st d

N
N e

d:'i

w

T el e

ST doRdss
Siory moisr
! »

FIG. 28

F | oader glosps




6¢ i

US 11,590,271 B2

.__.t.t..__.t.-..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t..__.t.t.._..t.t.._..t.JJJJJJJJJJJJJJJ&.JJ&.JJ&.J{

sl AW,

T - -
M ol -
l'n I-. 1L
3 " -
% 3
[ - a
" ol .

IR Blerttioy gt AT SEPBNEETS

W . -
a
) - rra
- A .
> E e
-
) - rea
- .
) . -
- .
> E s
- A .
) r -
- .
) - -
- A .
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff = d
LY R Yy N A Ay N A P A N PN Y A RN P Y R Y - 4 L Y N N N A N F N Y PN A P NN R Y Y Y L i - L N Y Y Y N P N Y F Y Y N F Y A A Y Y Y Y ) L)
A .
. -
.
E e
A
r -
.
- rra
A
e
.
-
-

5 5 5 5 R T T T T T TR T TR T T T TR T TN T T T TR T T T T T TR T T T T T TR T TR T T T TR T TR T T T TR T TR T T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TR T TR T T TR TR T
Ca” .l .l .l .' .l .l .l .l .l .l .l .l .l .l .l .l .l .l .' .l .l .l .l .l .l .l .l .l .l .l .l .l .l .l .l .I_..l .l_..l_..l .l_..l .'—..l_..l_..' f SRR R R R EE R EEEE RN EEEE , I T I I T R I I R I T R R e R R R R K

Sheet 27 of 35

eieiele’nly Ir'i

4
L.
[3

Vmuw ..mw_ m@mu@ mww&m 2 Mﬁmmwwmmm . oton __._”__. oo ..mﬂww.ﬂ %w i _w..\wq% Nmmﬂﬁwmm

I'l roa

l'n »

' g

-, W

l'n roa

- ]

*, >,

l' »

A O 8 I L M W S A O S O A N A, o | _1, .............................................. 0
R R R e e e e ey ) PR B L X AL X A B B A AR ¥
' g

>, ) : >,

l'n | . . . . . - . - . - . »

i . - s

v : - .#”w.aw. W«mew : ¥,

Fl . l"n i i..} * W = . ” “

ORI

” 1 m_ .
.......,.,.,.....,.,...,.,...,.,...,.,.,.,.,.....,.,.,.,.,...,.,.,.....,.,...,...,.,.,.,.,.,.,.. W 080,010 00, b 000001
§
g

.-._1.1__.- 1__.!.. A _.L__..u__.- m __.L___. LAl |._1__.L__._ m__.- A e ..__._r I AL e 1__... " -__.---...._.

I

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Feb. 28, 2023

3 3
: P oY :
4 3 i S
* , ¢ % 3 3
FRARD ARIUEI W _ - ._
: I B SHASE BUIDEOY
p £

: .v_

B 3

sipmantddy

U.S. Patent

- A e e e e e et e e e e e e e e e
L e el alm e mle alm el e slm ol s cla. Cale 2= m. el alc - al s ala ml  ml. ala - _a e la . - el alc i A e an e mamama s 2 s e m o e n 1 ma mama = 2 s e m o e mam a o ama s 2 m 1o e a1 m a2 s 2 m 1 = n e m a a1 a2 s 2 m e m a n e m a1 mam 2 s 1 m 1 m i m e m a1 m a2 s 1 m 1 o
T s e R R T e e s K e s B L e T e e e TR S e e T e e e e e R .-..i.,.l._.l,.l._i.,.l..i.,.l._.l,.l._i.,.l._i.,i._.l.,i._i.,.l._Ji._..-.,i._.l.,.l._.l.,i._..-.,i._.l.,.i..l.,i._..-.,i._i.,.l..i.,i._.l,i_i.,.l..i.,.l._.l,.l._i.,.l..i.,.l._.l,.l._i.,.l._i.,i._.l.,i._i. .-1.-.,._-._.l,.l._i.,.l._i.,i._.l.,i._i.,.l._Ji._..-.,i._.l.,.l._.l.,i._..-.,i._.l.,.i..l.,i._..-.,i._i.,.l..i.,i._.l,i_i.,.l..i.,.l._.l,.l._i.,.l..i.,.l._.l,.l._i.,.l._i.,i._.l.,i._i.,.l._Ji._.l,i._.l,.l._.l,i._.l,i._.l,.i..l,i.

i-'lr'-_ 'lrf\lr'lr_ '-f'lr'lr 'lrf'lr'lr 'lr'\-'lr_ 'lr'\lr'lr_ 'Irf'lr'-_ 'lrf\lr'lr_ '-f'lr'lr 'lrf'lr'lr 'lr'\-'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ '-f'lr'lr_ 'lrf'lr'lr 'lr'\-'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ '-f'lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ 'lr'\lr'lr_ 'lrf'lr'lr 'lrf\lr'lr_ ]

-



U.S. Patent Feb. 28, 2023 Sheet 28 of 35 US 11,590,271 B2

e e e T

LI L B B L L L B AL B B T L B B B B L B B B B B I B L L L
B B B B B R B N B B B B B B R N R B B B B B BN R OR R R R

-
LYL L S S SV NS L S LY
R
ok ok ok ok ko ko ok ko
R N

d sk x4+

LS

-

-

LY

.

-

-

LY

-

L]
-

0

Y

:

FiGz, 30d

-

-

T TTTTTTTTTTTTTTTTTTTTTTT
-

-
-

-
TERNTWT W YWY
L LB l.'l‘l‘l‘l‘l‘l‘!l
ol ol b -

T T T T LA N AL AL S AL S N A LAY

4
4
4

R R
L T’
-y m m m my omomom omomom

4 4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4
4 4 4 4
4 4 4
4 4 4 4
Ll

4 4

4 4

4

L]
4
4
L]
4
4
L]
4
4
L]
4
v

4
4
4
4
4
4
4
4
4
4
4

167
10
oy

4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
1 4 4 4

1‘ ! ! ‘-Il!-l -|i-|-|-|-|-|
44 4 4 4 4
44 4 4 41 1 Y
44 4.4 4 4
4.4 4 44 4+ 0
44 4 4 4 4
4.4 4 4.4 4
44 4 4 4 4 .
4 4 4 4 144 -
44 4.4 4 4
4 4 4 4 44 .
44 4 4 4 4
4.4 4 4.4 4
44 4 4 4 4
44 4 4 4 4
44 4.4 4 4
4 4 4 4 44
44 4 4 4 4
4.4 4 4.4 4
44 4 4 4 4
44 4 4 4 4

4 44 4.4 4
4 4 4 4 4.4

4

4

4--###‘77‘# 44 -4--4-4-4-4-4--4-4--4-4-..-#4""“77*‘*"*"-l"4‘4"4‘4‘4"4'###############pp.ﬁpp;pp;
4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 4 4
4 4 4 4 4 4 4 4
[ 4 4 4 4 4 4 4 4 ] -
: L 44 - 44 4 4 4 4 . . . P L
[ . 44 4 N . N B 404 4 4 4 aa, . =
] 4 4 . 4 4 4 4 4 4 LB [ -
- 4 4 4 P . 44 4 4 4 . LY
. L. 14 . L 404 4 4 4 4 . . Lo
4 4 4 - 4 4 4 4 4
U 44 L. - 44 4 4 4 4 . . .
. 4 4 4 4 4 4 4 4 . " oa
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 4 4 4
4 4 4 4 4 4 4
4 4 4

¥

FI

A
-
! J
4 4 4 4 4 4 4

Ll




U.S. Patent Feb. 28, 2023 Sheet 29 of 35 US 11,590,271 B2

ROO00000 Y X y
!--_-- . CECECUC N NS N N S N SN N SN N S NN NN Y

.
Qs

]
n

o it % L B
I‘r'l”#dd

11!‘ '~

30t

4
4
l.l

P TN AP
4 13 4 »

|

| ]
"

:;;‘E'

o

il

-
)
4

e
A

A,
l'llp
4

L]
41
,
r
L ]

i

4
"
r
-
| |
L)

. ]

"T"T'

o

o
» H‘l:l:l

- - X L]
. ]
i "y 2 ‘ "‘
- » n
r -  h g
T T L
-

v TEFFFYTTTTFFFYNTYTTFFYNTYTTFFYNTETT TN
TTETEETREE n 1 LA R EEEEBELBEEEELEELEELEELELELEEELEELLELEEDN]
‘Lll.l TLELRLTELTELER TLELTLTELTR

A o o

F N N EREN
- l’ﬂj;-llp{lif [ ]
-

i'?'}"l:ﬂ:i:}?'l'i‘ﬂ

:;.-

4 1

44

-Il'
at

4
4 +.l

>
L}

o + 1 1
4 4
}Pi +'l' 4 +ll

4 1 4 p
> 3

o'y
d}*r

M

"

4 r

2

l’p 4
.

s

i'5'1!'3'H'F'J:£'H'$?WI'J'U' J!ﬂﬂ
d s

anr g dren prder pda

[

o

::-_-
T
| § 1‘1 i"
.
L ‘a :‘ -
- | S
=t =t
» lh -
i'h? l;‘!?
e ‘-*‘n*‘
= | FC
tety et
- . L, WA,
- v i L=
LAY ok
o L Mty
L til ]
LI - |

?E

- o - o
- |
- - =
L} “l L]
L | L |

EF




U.S. Patent

ettty e e T T T 8 8

.. ... .. . . . - .

ffﬂﬂﬂddﬂaﬂﬂmﬂf*!F!Fﬂ“ﬂwwﬁ? Rk

Feb. 28, 2023

o

rrYrrrrrrorry

rr e or
rFrrrrrrrrrmrana
Fr e

- T
Ll

rrYrrrrrrorr

rr e

- = o=

------
=k
-----
b =k om kom
s = = = omom
T

e e e

L

y ra yroxrryrrryrr-

Sheet 30

et

i
b
,

of 35

. .,‘_.,.";".F-.' )
e

......... IEJ”:J. nu e u
....... my "'.'"-:'":--:' . 'I '-' :

et

L] I':-I-I I':'I-I .'I

¥
¥
-
I
-
u
. - -
PR
S
o
-l o
[y I
-.
L]
4 g s
'
- 1
L |
L |

™
P
o)

I
X a x X
P )
)

™

Ea )
i
™
i
arodr
™
i
i
[
[

o N N
E O e NN )
)

P e C C NE BE R :
]
L ]

L

a o A
x i i
i
s
i i
iy
i i
L)
o
i
o

)
L

T
T i
oo
i 4

.,
¥
ax
i
o dr e ey gy
J,

EN N )
I
F )
>

NN NN )
L N O )
N N )
#4-444-4;1-1-1-:
E O e NN )

L )

N SN W)

>

L)
L]

X ok k¥
P
P )
A
PN
»

..-
i
i
S dr ki
iy g e e e
J,
)

X

ax oo
I|.-'rﬂr-'rdr

x i

- dr iy

T &

Jy dp

LX)

b iy iy

L

ERE R K N NN X K
LR R X N o
-h'-b-t-ht-ht-ht-ht
"ll‘l'll'll i

[

e LT
R R,

'r:lr:l-:l-:l-:ll
LN )
E
LN )
EE ol o )
LN )
EE N )
LN )
E
LN )
EE o o )
LN )
EE N )
L X R

US 11,590,271 B2

4
' . '-‘-"lkh-llhmi L Sk

L T R R Ly




US 11,590,271 B2

Sheet 31 of 35

Feb. 28, 2023

U.S. Patent




U.S. Patent Feb. 28, 2023 Sheet 32 of 35 US 11,590,271 B2




US 11,590,271 B2

Sheet 33 of 35

Feb. 28, 2023

U.S. Patent




U.S. Patent Feb. 28, 2023 Sheet 34 of 35 US 11,590,271 B2




US 11,590,271 B2

Sheet 35 of 35

Feb. 28, 2023

U.S. Patent

FIG. 39



US 11,590,271 B2

1

EASILY MOVABLE BLOOD PURIFICATION
SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a United States national stage
application of International patent application PCT/IB2018/
058339 filed on Oct. 31, 2018 that designated the United
States, and claims foreign priority to four (4) European
patent applications EP 17199362.9 filed on Oct. 31, 2017,
EP 17199363.7 filed on Oct. 31, 2017, EP 17209117.5 filed
on Dec. 20, 2017, and EP 17209126.6 filed 1n Dec. 20, 2017,

the contents of all five (5) documents being herewith 1ncor-
porated by reference in their entirety.

FIELD OF INVENTION

The present mvention relates generally to the field of
blood purification systems and methods. For example, the
present invention relates to an extracorporeal blood treat-
ment apparatus conducting a dialysis treatment for example
hemodialysis treatment.

STATE OF THE ART

Extracorporeal blood treatment 1s typically used to extract
undesirable matter or molecules from the patient’s blood
and/or add desirable matter or molecules to the blood. Such
treatment 1s used with patients unable to effectively remove
matter from their blood, such as when a patient has suffered
temporary or permanent kidney failure.

This treatment 1s typically accomplished by removing the
blood from the patient, introducing the blood 1nto a filtration
unit (for example a dialyzer) where the blood 1s allowed to
flow past a semipermeable membrane. The semipermeable
membrane selectively allows matter in the blood to cross the
membrane from a primary chamber nto a secondary cham-
ber and also selectively allows matter 1n the secondary
chamber to cross the membrane into the blood 1n the primary
chamber, depending on the type of treatment. A number of
different types ol extracorporeal blood treatments may be
performed:

An ultrafiltration (UF) treatment;

A hemofiltration (HF) treatment;

A hemodialysis (HD) treatment;

A hemodiafiltration (HDF) treatment.

Currently, the most widely used method of kidney dialysis
for treatment of end stage renal disease 1s hemodialysis In
hemodialysis, the patient’s blood 1s cleansed by passing 1t
through the primary chamber and a dialysate solution
through the secondary chamber. During dialysis, arterial and
venous parts of blood line convey a patients blood to and
from the filtration means (for example a dialyzer). Impurities
and toxins are removed from the patient’s blood by diffusion
or convection across a membrane 1n the filtration means.
Hemodialysis 1s commonly required three times a week with
cach dialysis requiring up to four to five hours 1n a dialysis
center or at home where treatment may be more frequent (up
to daily) and shorter (down to two hours). During the
treatment, the patient 1s connected to a hemodialysis
machine and the patient’s blood 1s pumped through the
machine. Catheters are inserted into the patient’s veins and
arteries so that blood can tlow to and from the hemodialysis
machine. A large amount of a dialysis solution, for example
about 120 liters, 1s consumed to dialyze the blood during a

single hemodialysis therapy.
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2

Currently, the trend 1s for more homecare. The homecare
provides a better life and greater privacy to the patient and
1s less expensive. Nevertheless, the extracorporeal blood
treatment apparatus are heavy, large and complex to use.

For example, the size of an extracorporeal blood treatment
system may be 1370x480x480 mm and its weight may be 86
kg. Even 1f some companies try to design smaller system, the
smallest apparatus are for example: NxStage System One:
385%385x385 mm for 34 kg, and Quanta SC+480x370x450
for 30 kg. Thus these apparatus cannot be easily moved and
it will be 1impossible or at least very diflicult to travel with
such systems. Thus the dimensions (size and weight) are
important drawbacks of such systems. As a result, even 1f
systems for home use are available, the patient must still
remain at home (in the same way as a person was at the
hospital) due to the non-portable nature of such equipment.

In addition, as dialysis equipment employs an amount of
dialysis fluid up to 25 or 40 liters per day (in case of home
treatment or up to 120 or 200 liter in dialysis center), the
patient has to store at home a large volume of fresh dialysate
and the patient hands several dialysate bags (iresh and spent)
every day for treatment. Other machines allow transforming
water mto dialysis solution but these machines use a large
amount of energy and water, while representing a potential
contamination risk. In both cases, the environmental impact
1s 1mportant. Another drawback of these dialysis systems
using tap water 1s the need fora dedicated water treatment
system, which includes large and heavy equipment, water
connection and drainage. Installing and using those compo-
nents 1s a diflicult and cumbersome task that can require a
patients home to be modified. As a result the water treatment
systems make the home hemodialysis system more non-
portable.

Another important drawback 1s that the HD systems
comprise several fluid circuits which have been coupled to
the apparatus during the treatment. The old systems com-
prise one cassette dedicated to the dialysate circuit and a set
of tube for the blood circuit. These systems are very ditlicult
to use and just experimented nurses can handle such sys-
tems. In order to facilitate the use, some companies designed
a single cassette adapted to be coupled to the apparatus.
Such cassette comprises a part of the blood circuit and a part
of the dialysate circuit making 1t big. The single cassette was
designed to simplily the treatment but 1n reality such cas-
sette 1s too large, heavy and difficult to use. Furthermore, 1n
numerous cases the patients note a failure of the coupling
between the cassette and the apparatus. Thus this makes
laborious use.

General Description of the Invention

All or a part of the mentioned drawbacks may be obviated
by the device for dialysis system according to the invention.

One of goals 1s to have a dialysis system which 1s more
compact, more secure and easier to use 1n order to be used
at home while enabling transportation.

A first aspect of the mvention provides a blood treatment
system which includes a blood line including a blood
cassette (which may be discarded after a single use), a
dialysate line including a dialysate cassette (which may be
discarded after a single use), a dialyzer (which may be
discarded after a single use) including a blood compartment
in fluid communication with the blood line and a dialysate
compartment 1n fluid communication with the dialysate line,
a dialysis unit (which may be reusable for several treatments
and which 1s preferentially portable).

One of advantages to use two cassettes 1s that the coupling,
1s facilitated and each cassette may be designed as compact
as possible. Furthermore, by using two distinct cassettes, the
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components in the dialysis unit may be arranged 1n order to
make 1t more compact and improve the tolerance stack-ups.

A second aspect of the invention provides a blood treat-
ment system comprising at least one cassette for the blood
circuit and/or for the dialysate circuit and a dialysis unit. The
dialysis unit include components for controlling a dialysis
treatment for example a processor, a valve actuator, a sensor,
a blood pumping mechanism adapted to cooperate with the
blood line 1n order to move blood through blood line when
the blood line 1s 1n fluid communication with a blood source
and/or a dialysate pumping mechanism adapted to cooperate
with the dialysate line 1n order to move dialysate through the
dialysate line when the dialysate line 1s 1 fluid communi-
cation with a dialysate source. The system further includes
a housing in which the components of the dialysis unit 1s
arranged. The housing may have a front panel and a pair of
lateral panels, a (blood and/or dialysis) cassette holder
arranged into the housing and intended to removably recerve
the (blood and/or dialysis) cassette and an opening (for
example a fixed slot) arranged through the housing intended
to allow the cassette to be inserted into the housing (for
example horizontally).

The cassette may comprise a handle designed such that 1t
can be gripped by the fingers of a hand of a user. The cassette
may be inserted into the housing by a horizontal (or vertical)
sliding movement. When the cassette has been inserted into
the cassette holder, the handle may protrude out of the
housing or may be housed in the cassette compartment.
Preferentially, the blood circuit comprises a dedicated cas-
sette and the dialysate circuit comprises a dedicated cassette.
In this case two distinct openings may be arranged/designed/
adapted for each cassette. One opening may be designed 1n
such a manner to accept/to receive/to allow only its dedi-
cated type of cassette.

A third aspect of the invention provides a system which 1s
casy to move. It 1s not a system fixed to the patient but a
system which may be transported/conveyed in order to allow
travelling anywhere 1in the world. For example, this system
comprises all elements needed for the treatment and a
housing designed to be movable, with a small size and light
weight. For example, the housing of the system may be
adapted to be stored 1n a hand luggage during a travel. The
housing may be sized 1n order to fit into or be smaller than
a hand luggage (lor example for airplane travel), for
example at least one dimension smaller than 31 cm, another
dimension smaller than 51 cm and/or another dimension
smaller than 61 ¢cm. Furthermore, the hand luggage used for
travelling the system may be used as a support, thus during,
the treatment, the system may be placed 1n, on or lay on its
hand luggage. Other example, the system may comprise a
movable container holder for solution bag which may be
operatively coupled with the housing of the machine (or
with the hand luggage, for example, a (retractable) handle of
the hand luggage may be used as the movable container
holder) 1n order to provide a first position and a second
position. The first position may be adapted to perform a
treatment (for example required 1n operating configuration)
and the second position may be adapted to move easily the
system or intended to transport the system, for example
during a travel.

The movable container support may comprise a pole fixed
to the system by a rotating fixing element adapted to move
the pole from the first position to the second position and/or
vice versa. The movable container support may comprise a
receiver part having a concave shape designed to receive and
to store at least one solution bag.
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4

The system may comprise container receiver designed to
receive and to store at least one solution bag arranged 1n an
upper portion of the housing. The movable container support
may be arranged on a upper portion of the system. A
movable container support may be arranged above the
container receiver.

A Tourth aspect of the invention provides a dialysis system
with an easy loading device. For example, the system may
comprise a loading device with a drive mechanism of a
cassette holder adapted to move the cassette holder until a
first position and a second position. The first position may be
adapted to allow inserting or removing a cassette (into or
form the cassette holder) and the second position may be
adapted to perform the treatment. In this case the second
position may be adapted to prevent the user from removing
and/or from 1nserting a cassette from or to the cassette
holder. This loading system may be operatively coupled to
the opening described above.

A fifth aspect of the invention provides a hemodialysis
system comprising a priming container (for example a bag)
which 1s 1n flmmd communication with at least one of the
blood circuit and the dialysate circuit. In one embodiment,
the bag may store a (single) solution ({or example dialysate
solution or saline solution or other compatible solution)
which may be provided to the system for both circuits in
order to prime all or a part of the system.

The priming
container may comprise a first (removable) fluid connection
and a second (removable) fluid connection intended to be
connected to at least one of the dialysate circuit and the
blood circuat.

A sixth aspect of the invention provides a blood treatment

system 1ncluding at least one of:

a fluid (blood and/or dialysate) line including a fluid
cassetle,

a dialysis unit, which may include components for con-
trolling a dialysis treatment including at least one of a
processor, a valve actuator, a sensor, and a fluid pump-
ing mechanism adapted to cooperate with the fluid line
in order to move the fluid through fluid line when the
fluid line 1s 1n fluid communication with a fluid source,

a housing in which the components of the dialysis unit
may be arranged, the housing may have a front panel
and a pair of lateral panels,

a component support adapted to hold at least one of the
valve actuator, the sensor, the flmd pumping mecha-
nism, and

a fluid cassette holder arranged into the housing and
intended to removably receive the fluid cassette.

The dialysis umt further comprises a loading system
comprising a first position required in operating configura-
tion and a second position allowing the insertion or the
removal of the fluid cassette. Preferentially, the loading
system comprises a drive mechanism controlled by the
processor and adapted to enable reaching the first and the
second position.

In one embodiment the fluid cassette holder 1s configured
to move relatively to the housing (or the component support)
while the component support 1s fixedly secured to a non-
moving part of the system (such as the housing and/or the
frame of the system).

In one embodiment the component support 1s configured
to move relatively to the housing (or the fluid cassette
holder) while the fluid cassette holder 1s fixedly secured to
a non-moving part of the system (such as the housing and/or
the frame of the system).
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In one embodiment the component support and the fluid
cassette holder are configured to move relatively to the
housing (or a non-moving part of the system).

The drive mechanism may adapted to move the cassette
holder(s) and/or the component support substantially per-
pendicularly according to the main plan of the cassette
and/or the to the surface on which the system 1s placed.

The system may further comprise an indicator device
adapted to mform the user about the current position of the
loading system.

The system may comprise an alignment mechanism con-
figured to align the fluid cassette with the components of the
dialysis unit. The alignment mechanism may comprise a part
of the flmd pumping mechanism (for example the shaft of
the pump which may cooperate with the pump part of the
fluid cassette)

The system may further comprise a opening configured to
allow the fluid cassette to be nserted 1nto the housing. The
opening may be dedicated to a type of fluid cassette. The
opening may comprised a fixed slot. "

The opening may
comprise an element having an anti-pinch function.

A seventh aspect of the mnvention provides a blood
treatment system including at least one of:

a blood line intended to receive a blood of patient,

a dialysate line intended to receive a dialysate solution,

a dialyzer including a blood compartment in fluid com-
munication with the blood line and
a dialysate compartment 1n fluid communication with

the dialysate line,

a first cassette comprising a part of the blood line,

a dialysis unit, which includes components for controlling
a dialysis treatment including at least one of:

a Processor,

a first valve actuator,

a first sensor, and

a blood pumping mechanism adapted to cooperate with
the blood line 1n order to move blood through blood
line when the blood line 1s 1n fluid communication
with a blood source,

a housing in which the components of the dialysis unit 1s
arranged, the housing having a front panel and a pair of
lateral panels,

a movable support of components arranged into the
housing and adapted to hold at least one of the first
sensor and the blood pumping mechanism, and

a first cassette holder 1s configured to removably receive
the first cassette.

The dialysis unit may further comprise a loading system
configured to move the movable support of components to
a first position and a second position relatively to the
housing while the first cassette holder 1s fixedly arranged
into the housing (for example to a non-moving part of the
system (such as a frame)). The first position may be required
in operating configuration and the second position may
allow the insertion and/or the removal of the first cassette.

The blood pumping mechanism may comprise a shait and
the first cassette may comprise a roller assembly configured
to be operatively coupled with the shait and to align at least
in part the cassette relatively to the movable support of
components such that at least one of the first valve actuator
and the first sensor 1s aligned to a dedicated area of the
cassette, when the movable support of components 1s in the
first position.

The system or the housing may comprise at least one of
a fixed slot configured to insert the first cassette into or
through the housing and a sliding door. The sliding door may
be mechanically coupled to at least one of the movable
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support components and the loading system 1n order to open
the sliding door when the movable support component 1s

moved to second position.

The first valve actuator may be fixedly arranged into the
housing. The first valve actuator may comprise a movable
shaft configured to close and open the blood line and the
movable shait may comprise a position configured to allow
the 1nsertion and/or the removal of the first cassette.

Preferentially, the first cassette holder comprises a detec-
tion sensor configured to send a signal to the processor when
the first cassette 1s mserted 1nto the first cassette holder. The
processor may be configured to initiate a displacement of the
movable support of components depending on the signal of
the detection sensor.

The system (for example the opeming and/or the cassette
holder) may comprise a coding element configured to pre-
vent the msertion of other type of cassette.

The system (for example the opeming and/or the cassette
holder) may comprise a lock system configured to cooperate
with the first cassette 1n order to prevent the withdrawal of
the first cassette when the movable support of components
1s 1n first position.

One embodiment the system further comprise at least one
of:

a second cassette distinct from the first cassette and

comprising a part of the dialysate line,

a dialysate pumping mechanism adapted to cooperate
with the dialysate line i order to move dialysate
through the dialysate line when the dialysate line 1s 1n
fluid communication with a dialysate source,

a second sensor, and

a second valve actuator.

One embodiment the system further comprise at least one
of:

a second cassette holder distinct from the first cassette
holder and configured to removably receive the second
cassette and

an additional movable support of components distinct
from the movable support of components arranged 1nto
the housing and adapted to hold at least one of the
second sensor, the second wvalve actuator, and the
dialysate pumping mechanism,

The loading system may configured to move the addi-
tional movable support of components to a third position and
a Tourth position relatively to the housing while the second
cassette holder 1s fixedly arranged into the housing (for
example to a non-moving part of the system (such as a
frame)). The third position may be required in operating
configuration and the fourth position may allow the 1nsertion
and/or the removal of the second cassette.

LIST OF FIGURES

The present invention will be better understood at the
light of the following detailed description which contains
non-limiting examples 1llustrated by the following figures:

FIG. 1 shows a schematic view of the fluid circuaits;

FIGS. 2q, to 2f 1llustrate different views of embodiments
of the blood circuit;

FIG. 3 illustrates a dialysate circuit according to one
embodiment;

FIG. 3a illustrates a dialysate circuit with sensors accord-
ing to one embodiment;

FIG. 4 shows the interaction between the disposable part
and the reusable part;

FIGS. 5a to 5¢' illustrate cross-sectional views of cassette:

FIG. 6 shows the elements of the fluid pump;




US 11,590,271 B2

7

FIG. 7 shows the system 1n operating configuration with-
out the disposable part;

FIG. 8 shows the system 1n operating configuration with-
out the disposable part;

FIG. 9 shows the insertion of a blood cassette into a
dedicated opening of the system;

FIG. 10 shows the insertion of a dialysate cassette into a
dedicated opening of the system;

FIGS. 11a to 12¢ show the apparatus 1n a first configu-
ration (required for the treatment), a second configuration
(enabling saving space) and a third configuration (optional
1256) (enabling the preparation of the treatment for example
to access the container receiver);

FIGS. 13a to 13¢ illustrate different views of the loading
process of the cassette;

FIG. 14 shows an exploded view of one embodiment of
the loading system;

FIGS. 154 to 15d shows different positions of the loading
system with or without cassette;

FIG. 16 shows an exploded view of one embodiment of
the loading system;

FIG. 17 shows a 3d view of one embodiment of the
loading system:;

FIG. 18 shows a drip chamber and 1ts support;

FIG. 19 shows a dialysis system stored in a hand luggage;

FIGS. 20 and 21 show an 1llustration of the system using
a priming container.

FIGS. 22, 23a to 23c¢, 24, 25 and 26 show several
embodiments of openings and cassettes according to the
invention.

FI1G. 27 shows a tlowchart of cassette detection process.

FIG. 28 shows a flowchart of loader position detection
process.

FIG. 29 shows a schematic view of an electronic device
of the apparatus.

FIGS. 30a to 304 illustrate several positions of the door
device.

FIGS. 31aq and 315 show two embodiments of the door
device.

FIG. 32 1s an interior view of the FIG. 31a or of the FIG.
31b.

FIGS. 33, 34, 35 and 36 show dif
potential embodiment 600.

FIGS. 37, 38 and 39 show diflerent views of a potential
embodiment 700.

Some figures do not show all features so as to render the
figure clearer.

‘erent views of a

LIST OF ELEMENTS

1 extracorporeal blood treatment system

2 dialyzer

3 blood circuit

4 dialysate circuit

4" additional circuit/line for example (concentrate or initial
supply circuit)

5 patient

6 arterial line

7 venous line

8 blood pump

9 drip chamber

10 first chamber

11 second chamber

12 membrane

13 bag/container

14 first dialysate pump

15 dialysate line
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15' by pass line

16 second dialysate pump

17 element for receiving the solution from the dialyzer
18 loop line

19 container (blood return container)

19' drain container or drain compartment

20 line

21 valve

22 line

23 valve

24 arterial valve

25 venous valve

26 arterial connector

27 venous connector

28 1nitial supply container

29 weight balance

30 pump

31 supply container (for example concentrate supply bag)

32 supply container

33 single priming container

34 first connector

35, 35' second connector

36 third connector

377 dialysate circuit connector

38 normal flow direction (blood circuit)

39 normal flow direction (dialysate circuit)

40 potential limit of the cassette

41 supply container

42 normal pumping direction

42 reversed pumping direction

43 sorbent connector

44 first spike

45 second spike

100 blood punfication system

101 disposable part

102 reusable part/apparatus

103 dialyzer

104 sorbent

105 bag

106 cassette

107 ngid frame

108 membrane

109 handle

110 processor

111 screen (device for example tablet with a touch screen)

112 other element such as button

113 sensor

114 actuator

115 other elements connected to the processor and opera-
tively and removably coupled to the disposable part

116 tube

120 cavity

121 port

122 handle

123 valve seat

124 fluid pathway

200 cassette with a part of a pump

201 flexible tube

202 fluid pathway of the cassette

203 inlet port of the pump

204 outlet port of the pump

205 roller assembly

206 roller support

207 shaft

208 roller

300 apparatus (reusable part)
301 housing
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302 display device

303 screen support

304 container support

305 additional screen

306 power button

307 emergency button

308 dialyzer support

309 drip chamber support

310 first opening

311 second opening

312 pole

313 hook

314 rotating fixing element

315 movable container support

316 container receiver

317 fixing element

318 recess

319 first portion

320 second portion

321 front panel

322 side panel

323 side panel

324 opening of the first side

325 opening of the second side

326 insertion direction

327 first side of the housing

328 second side of the housing

400 loading system

401 cassette holder

402 dedicated active element (for example sensor)

403 dedicated active element (for example valve actuator)

404 dedicated active element (for example motor of the
pump)

405 shaft of the motor

406 support of the dedicated active elements

407 movement of the cassette holder

408 movement of the dedicated active element

409 drive mechanism

410 motor

411 drive assembly

412 guiding assembly

412' guiding or sliding element

413 support of guiding element

414 pin

415 door

416 door actuator

417 housing interior

418 lock system

419 opening

420 part of housing

421 elastic element

422 coupling element

423 flexible element

500 drip chamber support

501 drip chamber

502 body

503 lock

504 mechanical coding system

600 dialysis system

601 apparatus

602 blood cassette

603 dialysate cassette
604 first door

605 second door
606 dialyzer
607 housing

608 dialyzer support
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609 pole
610 display device
611 weighting scale

612 sorbent device
613 tubes

614 weighting bag
6135 apparatus support
700 dialysis system
701 apparatus

702 blood cassette
703 dialysate cassette
704 door

705 heating compartment
706 dialyzer

707 housing

708 dialyzer support
709 pole

710 display device
711 weighting scale
712 sorbent device

713 tubes
714 weighting bag
715 apparatus support

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereotf, and in
which are shown by way of illustration several embodiments
of devices, systems and methods. It 1s to be understood that
other embodiments are contemplated and may be made
without departing from the scope or spirit of the present
disclosure. It 1s to be understood that even if the document
describes a haemodialysis system, some embodiments
described therein may also be used for or arranged 1n a
peritoneal dialysis system or other blood treatment purifi-
cation systems such as for example continuous renal
replacement therapy (CRRT). The {ollowing detailed
description, therefore, 1s not to be taken 1n a limiting sense.

All scientific and technical terms used herein have mean-
ings commonly used 1n the art unless otherwise specified.
The definitions provided herein are here to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

As used 1n this specification and the appended claims, the
singular forms “a”, “an”, and “the” encompass embodiments
having plural referents, unless the content clearly dictates
otherwise.

As used 1n this specification and the appended claims, any
direction referred to herein, such as “top”, “bottom”, *“left”,
“right”, “upper”, “lower”, and other directions or orienta-
tions are described herein for clarity in reference to the
figures and are not intended to be limiting of an actual device
or system. Devices and systems described herein may be
used 1n a number of directions and orientations.

As used herein, “have”, “having”, “include”, “including”,
“comprise”, “comprising’ or the like are used 1n their open
ended sense, and generally mean “including, but not limited
to.

As used herein, “at least one of A, B, and C”, “at least one
of A, B or C”, “selected from the group consisting of A, B,
C, and combinations thereof” or the like are used 1n their
open ended sense including “only A, or only B, or only C,
or any combination of A, B and C” unless the content clearly
dictates otherwise.
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As used 1n this specification and the appended claims, the
term “or” and “/” are generally employed in 1ts sense
including “and/or”” unless the content clearly dictates other-
wise.

As used herein, “compatible solution with blood” or the
like generally means “a physiologically compatible solution
for contacting blood, a physiologically compatible solution
for infusion to a subject or a solution for blood rinse back to
a subject”.

The texts or terms written 1n brackets have to be under-
stood as an optional feature, a synonym, the similar terms or
an example.

Fluid Circuit(s)

Referring to the FIG. 1, the extracorporeal blood treat-
ment system 1 may comprise a dialyzer 2, a blood circuit 3
and a dialysate circuit 4.

The blood circuit 3 (also called extracorporeal circuit)
connects the patient 5 to the dialyzer 2. More specifically,
the blood circuit 3 comprises an arterial (blood) line 6 and
a venous (blood) line 7 which connect the patient 5 to the
dialyzer 2. The arterial line 6 may comprise a removable
arterial connector 26 mtended to be connected to a patient
and the venous line 7 may comprise a removable venous
connector 37 intended to be connected to a patient. The
blood circuit 3 comprises at least one pump 8 for pumping,
fluid through the blood circuit, for example blood to or from
the dialyzer 2. The blood pump 8 may be, for example, a
peristaltic pump, a pumping chamber, . . . . Further, a clamp
may be arranged and located in the blood circuit 3, for
example a valve. Still further, an air sensor may be located
within the extracorporeal circuit. The air sensor may, for
example, detect the presence of air within the extracorporeal
circuit. A drip chamber may be arranged and located within
the extracorporeal circuit, for example 1n the venous line 7.
The drip chamber may, for example, remove the air bubbles
present i the blood circuit. An air sensor may be arranged
downstream a drip chamber and/or upstream at least one of
a valve and the removable venous connector 27. Air (or
other fluid or gas) may be present 1n the blood circuit 3 prior
to the treatment. As a result, the patient or other health
prolessional may need to prime the extracorporeal circuit 3
by removing 1t, as described thereatter.

The dialyzer 2 has a first chamber/compartment 10 in
which the blood 1s moved through, an arterial (blood) port
by which the blood 1s entered and a venous (blood) port by
which the blood 1s exited from. The dialyzer 2 has a second
chamber/compartment 11 1n which a dialysate solution 1is
moved through, a first (dialysate) port by which the dialysate
solution (more particular a fresh dialysate or regenerated
dialysate) 1s entered and a second (dialysate) port by which
the dialysate solution (more particular an used dialysate)
exits the dialyzer. The used dialysate 1s a dialysate solution
which exits from the second dialysate port and may com-
prise ultra-filtrate (mixed to other liquids). The ultra-filtrate
1s a liguid which comprises the excess water of the patient.
The dialyzer 2 has a membrane 12 separating the first
chamber from the second chamber. The membrane may be
adapted (for example, the membrane may be semi1 perme-
able) to allow passage of fluid or components from the first
chamber to the second chamber (and/or inversely from the
second to the first chamber).

The dialysate circuit 4 comprises at least one pump
adapted to convey a fluid through the dialysate circuit 4, for
example a dialysate solution to or from the dialyzer 2.
Preferentially, the dialysate circuit 4 may have a {irst
dialysate pump 14 adapted to pump a solution (for example,
a solution stored 1n the bag 13) to the dialyzer 2. The bag 13
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may store a dialysate solution as a fresh dialysate or other
solution as a priming solution. The bag 13 may be mitially
empty. The bag 13 may be 1n fluid communication with the
dialyzer 2 via a fluidic line. This fluidic line may include the
first dialysate pump 14 or may be a by-pass adapted to
by-pass the tluidic line including the first dialysate pump 14.
The fluidic line may comprise a valve in order to open or
close the fluidic communication between the bag 13 and the
dialyzer 2. The dialysate circuit 4 may have a second
dialysate pump 16 adapted to pump the solution exiting from
the dialyzer 2, such as the used dialysate and/or the ultra-
filtrate. This solution may be moved up to an element 17
which 1s adapted to receive for example the used dialysate
and/or ultratfiltrate. This element may be a bag (adapted to
store the solution) or a sorbent device (adapted to clean or
to regenerate the solution). The dialysate circuit may com-
prise a loop line 18 adapted to allow a fluid commumnication
between the bag 13 and the element 17 (1n particular when
the element 17 1s a sorbent). In this case the bag 13
comprises an outlet in fluidic communication with the
dialyzer 2 and an inlet in fluidic communication with the
clement 17 (for example a sorbent device). The dialysate
circuit may comprise at least one of valve and sensor such
as a pressure sensor, level sensor, weight scale, tlow meter,
blood sensor, ammomac sensor, . . . . The dialysate pump
may be, for example, a peristaltic pump, a pumping cham-
ber, . . . . Air (or other flid or gas) may be present in the
dialysate circuit prior to the treatment. As a result, the patient
or other health professional may need to prime the dialysate
circuit by removing 1t, as described thereafter. A by-bass
may be arranged between the second dialysate pump 16 and
the bag 13 1n order to by pass the element 17 (for example
the sorbent device when the sorbent 1s no longer usable).
Blood Circuit

Turning now to the FI1G. 2, the blood circuit may comprise
a bag 19 adapted to receive and/or to store a solution and to
be 1n direct fluid communication with the arterial line and/or
with the venous line. The term “direct fluid communication”™
1s employed here as “physically and fluidly connected to and
in fluid communication at least temporarily with” without
passing by another fluid pathway, filter, dialyzer, sorbent or
pump. A valve may be used in order to control (by the
apparatus, automatically or not) the direct fluid connection.
The bag 19 may be empty at the start of the treatment. The
bag 19 may be filled with a saline solution or other com-
patible solution with blood. The bag 19 may be used to
prime the blood circuit and/or to push the blood back to the
patient, as described thereafter.

Preferentially, the bag 19 may be imitially substantially
empty (ol liquid and/or of gas) and sterilised. During the
priming process ol the blood circuit, the bag 19 may be filled
with a priming solution (which may be a saline solution or
a dialysate solution or other) and/or with the fluid (for
example the gas) mitially stored 1n the fluid pathway of the
blood circuit before the treatment. The bag 19 may comprise
a degassing device such as a vent with a hydrophobic
membrane 1n order to expel the gas (for example air) which
may be stored or 1injected into the bag (the storing compart-
ment of the bag). The bag 19 may be sized 1n order to store
a volume of fluild which 1s substantially equivalent or
superior (for example more or less twice the volume defined
thereafter) to a volume defined by the interior wall of the
blood circuit (for example the volume defined by the interior
of the tube, of the cassette, of the blood compartment of the
dialyzer and/or of the drip chamber . . . ). The bag 19 may
be advantageously filled with the priming solution during
the priming process, then the bag stores this solution during
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the treatment and at the end of the treatment, this solution
may be used to push the blood back to the patient.

A volume fraction of the solution stored 1n the bag 19 may
be injected into the blood circuit in the event of blood
pressure reduction of the patient during the treatment. Thus,
the system limits the amount of fluid necessary for the
priming and the rinsing back process, even more when the
priming solution 1s a dialysate solution or saline solution.
Thus only one liquid solution (or a limited number of
distinct solutions) may be prepared or added or used for
the treatment (or at least a limited number of bags). In
case where the system uses a sorbent and a concentrate
solution(s), only two (or less than three) types of solution
may be used a dialysate solution (and/or saline solution) and
one or more concentrate solutions for the overall treatment.

A solution stored 1n a bag connected 28 or 33 (1n direct
fluid communication with) (for example shown by the FIG.
20 or 21) to the dialysate circuit (and optionally to the blood
circuit) may be used to prime the blood circuit and/or to fill
the bag 19. This solution may be a saline solution or a
dialysate solution.

According to the FIG. 24, the blood circuit comprises a
line 20 which 1s 1 direct fluild communication with the
arterial line and with the interior (for example storing
compartment) of the bag 19. The connection between the
line 20 and the arterial line 6 1s arranged or located upstream
(“upstream” according to the normal flow direction) of the
pump 8 and preferentially downstream the arterial connector
26. The normal flow direction 1s indicated in FIG. 1 by arrow
38 for the blood circuit and arrow 39 for the dialysate circuat.
The line 20 may comprise a (removable) connector and/or a
valve 21 (V3) which may be controlled 1n order to open or
to close the fluild communication by a controller device for
example a processor.

According to the FIG. 2b, the blood circuit comprises a
line 22 which 1s 1 direct fluid communication with the
arterial line and with the interior (for example storing
compartment) of the bag 19. The connection between the
line 22 and the arterial line 6 1s arranged or located down-
stream the pump 8 (“downstream” according to the normal
flow direction) and preferentially upstream to the venous
connector 27 (for example upstream of at least one of the
venous valve, the drip chamber and the dialyzer). The line
22 may comprise a (removable) connector and/or a valve 23
(V4) which may be controlled 1n order to open or to close the
fluid communication by a controller device for example a
processor. In another embodiment as partially described by
the FI1G. 2d, the blood circuit may comprise a line 22 which
1s 1n direct tluid communication with the venous line 7 and
with the mterior (for example storing compartment) of the
bag 19. The connection between the line 22 and the venous
line 7 1s arranged or located downstream the pump 8, for
example upstream or downstream of the dialyzer (according
to the normal flow direction). The line 22 may comprise a
valve 23 (V4) which may be controlled 1n order to open or
to close the fluid communication by a controller device for
example a processor

According to the FIG. 2¢, the blood circuit comprises a
line 20 which 1s in direct fluid communication with the
arterial line and with the interior (for example storing
compartment) of the bag 19. The connection between the
line 20 and the arterial line 6 1s arranged or located upstream
(“upstream™ according to the normal flow direction) the
pump 8. The line 20 may comprise a valve 21 (V3) which
may be controlled in order to open or to close the fluid
communication by for example a processor. The blood
circuit further comprises a line 22 which 1s in direct flmd
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communication with the arterial line and with the interior
(for example storing compartment) of the bag 19. The
connection between the line 22 and the arterial line 6 1s
arranged or located downstream the pump 8 but upstream
the dialyzer. The line 22 may comprise a valve 23 (v4) which
may be controlled in order to open or to close the fluid
communication.

According to the FIG. 2d, the blood circuit comprises a
line 20 which 1s 1n direct fluid communication with the
arterial line and with the interior (for example storing
compartment) of the bag 19. The connection between the
line 20 and the arterial line 6 1s arranged or located upstream
(“upstream” according to the normal flow direction) the
pump 8. The line 20 may comprise a valve 21 (V3) which
may be controlled 1n order to open or to close the fluid
communication by for example a processor. The blood
circuit further comprises a line 22 which 1s in direct fluid
communication with the venous line 7 and with the interior
(for example storing compartment) of the bag 19. The
connection between the line 22 and the venous line 7 1is
arranged or located downstream the pump 8 (and/or the
dialyzer and/or the drip chamber). The line 22 may comprise
a valve 23 (v4) which may be controlled in order to open or
to close the tluid communication.

The blood circuit may comprise an arterial valve 24 (V1)
arranged and located in the arterial line 6. The arterial valve
24 may be controlled in order to open or close the arterial
line. The arterial valve may be arranged/located upstream
the pump 8 and/or upstream the line 20 and/or the line 22.
The blood circuit may comprise a venous valve 25 arranged
and located 1n the venous line 7. The venous valve 25 may
be controlled 1 order to open or close the venous line 7. The
venous valve may be arranged/located downstream the
pump 8 and/or downstream the line 20 and/or the line 22
and/or downstream the drip chamber 9. The arterial valve 24
and/or the venous valve 25 may be arranged 1nto the blood
cassette and may comprise flexible tube which may be
pinched by a pinch valve.

According to the FIG. 2¢, the blood circuit comprises an
arterial connector 26 arranged/located at an end of the
arterial line 6. The arterial connector 26 1s adapted and
intended to be connected to a catheter of the patient. And the
blood circuit comprises a venous connector 27 arranged/
located at an end of the venous line 7. The venous connector
277 1s adapted and 1ntended to be connected to a catheter of
the patient.

The arterial connector 26 and the venous connector 27
may be adapted to be connected together in order to allow
a fluid communication between the arterial line 6 and the
venous line 7 (without requiring to pass through the dia-
lyzer) and to create a (closed) loop of the blood circuit. If the
arterial connector 26 and the venous connector 27 cannot be
directly connected together, the system may comprise an
interconnector device comprising a first end adapted and
intended to be connected to the arterial line 6 and a second
end adapted and intended to be connected to the venous line
7. The interconnector device allows a fluid communication
between the arterial line 6 and the venous line 7 and creates
a (closed) loop of the blood circuat.

According to the FIG. 2/, the blood circuit may further
comprise at least one of an air sensor (Asl, As2) and a
pressure sensor (Psl, Ps2, Ps3). Preferentially, a first air
sensor may be configured to cooperate with the arterial line
6 and a second air sensor may be configured to cooperate
with the venous line 7. The air sensor may be configured to
cooperate with the fluid pathway of the blood cassette. The
first air sensor may be arranged downstream the arterial
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connector but preferentially upstream the arterial valve. The
second air sensor may be arranged upstream the venous
connector but preferentially downstream the venous valve.
Preferentially, a first pressure sensor and a second pressure
sensor may be configured to cooperate with the arterial line 5
6 and a third pressure sensor may be configured to cooperate
with the venous line 7. The pressure sensor may be config-
ured to cooperate with the fluid pathway of the blood
cassette. The first pressure sensor may be arranged upstream
the blood pump 8 but preferentially downstream the con- 10
nection with the line 20. The second pressure sensor may be
arranged downstream the blood pump 8 but preferentially
upstream the connection with the line 22. The third pressure
sensor may be arranged upstream the venous valve but
preferentially downstream the drip chamber. 15
Dialysate Circuit

Referring now to the FIG. 3, the dialysate circuit may
have a bag 28 which may store a solution for example a
dialysate solution (such as an 1nitial supply of dialysate) or
a priming solution (which may be dialysate solution, a saline 20
solution or other). This bag 28 may be used to add liquid
solution 1nto the loop circuit of dialysate or to imitially fill the
bag 13 (f the bag 1s mitially empty for example before
starting the treatment) or to prime at least a part of the
circuit(s). The bag 28 may be 1n direct fliid communication 25
with the first dialysate pump 14 via a line which may
comprise a valve v5. The bag 28 may be i direct fluid
communication with the by-pass line 15 via a line which
may comprise a valve v5, 1n this case, the bag 28 may be
used so as to remove a volume fraction of the solution from 30
the dialysate loop circuit, for example from the bag 13 (close
V8 and V7, open V6 and V3 and actuate the first dialysate
pump). The by-pass line 15' may comprise a valve v8. The
loop line 18 may comprise a valve v12. The bag 13 may be
in direct fluid communication with the first pump via a line 35
comprising a valve vé.

The dialysate circuit may have a supply circuit/line 4'
(also called an additive circuit or concentrate circuit). This
supply circuit 4' may comprise at least one supply pump (for
example a concentrate pump 30) in fluid communication 40
with the loop circuit of dialysate for example to the loop line
18 or to the bag 13 in order to add a solution (for example
concentrate or saline or dialysate or other fluid different from
dialysate) into the loop circuit of the dialysate upstream of
the bag 13 or directly mto the bag 13. This supply circuit 45
may have a flow meter or a balance chamber in order to
control or to monitor the concentrate adds to the loop circuit
of the dialysate. The supply pump may be adapted to control
and/or to monitor the amount of concentrate added to the
loop circuit of dialysate. The supply circuit may comprise a 50
valve v10 located downstream the supply pump 30 and/or
upstream to the connection with the loop circuit of the
dialysate. The supply circuit 4' may comprise one or more
bag (31, 32) which may store a solution such as a concen-
trate solution (also called diluted solution or additive solu- 55
tion), a saline solution and/or a dialysate solution for
example an 1mtial supply of dialysate or other solution
different from dialysate. This supply circuit may be also
used so as to remove a volume fraction of the solution from
the dialysate loop circuit. In this case the supply pump 30 1s 60
accurate 1n reverse mode the bag 32 may receive the
removed solution. The bag 32 may be weight in order to
monitor the volume of removed solution.

In one embodiment, the supply bag 32 stores a saline
solution or pure water and the system does not comprise any 65
initial supply bag of dialysate. Thus the dialysate 1s prepared
from the saline solution or pure water and concentrate
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solution before starting the treatment 1nto the bag 13 which
may be imitially empty. The processor may take into account
the fact that the prepared dialysate solution will be regen-
erated/recycled through the sorbent device multiple times
during the treatment and thus prepare a predetermined nitial
volume of dialysate solution before starting the treatment. In
particular, the volume of dialysate solution initially prepared
may be smaller than the volume of dialysate solution used at
the end of the treatment due to the UF and/or the volume of
added concentrate accumulated during the treatment.

The dialysate circuit 4 may be adapted to allow flowing,
pumping, circulating a fluid 1n two opposite directions for
example through the by-pass line 15. The dialysate pump
may be adapted to pump 1n two directions for example 1n a
first direction from the bag 13 to the dialyzer and a second
direction which 1s a direction opposite to the first direction.

The bag 28 may be used to fill the bag 13 by actuating the
dialysate pump in the first direction (if the bag 28 1is
connected to the line of the pump), 1n this case the solution
initially stored in the bag 28 passed through the pump 14,
then through the line 15 and reach the bag 13. V6 and V7 are
closed and V35 and V8 are opened. If the bag 28 1s connected
to the line 15 (via the dash line), the bag 28 may be used to
{11l the bag 13 by actuating the dialysate pump 1n the second
direction, the solution nitially stored in the bag 28 1s passed

through the line 15, then through the pump 14 and reach the
bag 13. V7 and V8 are closed and V5 and V6 are opened.

The system may comprise one or more balance (weight
scale) and/or a heater 29 adapted to weigh or heat the
solution store 1n at least one of the bag 13 13, 28, 31 and 32.

Preferentially, the dialysate circuit comprises a sorbent
device adapted to clean the used dialysate, 1n order to use the
dialysate solution several times. In this case, the concentrate
solution may be added into the dialysate circuit over the
course of treatment. Thus, a treatment may be performed
with less than 10 liters of mitial dialysate, preferentially less
than 5 liters of 1nitial dialysate, and more preferentially less
than 4 liters of initial dialysate.

According to the FIG. 34, the dialysate circuit may further
comprise at least one of an air sensor (As3), a pressure
sensor (Psd4, PsS, Ps6, Ps7, Ps8, Ps9) and a blood sensor
(Bs1). Preferentially, a third air sensor (As3) may be con-
figured to cooperate with the dialysate line. The air sensor
may be configured to cooperate with the fluid pathway of the
dialysate cassette. The third air sensor may be arranged
upstream the dialyzer 2 but preferentially downstream the
bag 13.

Preferentially, at least one pressure sensor of the dialysate
circuit may be configured to cooperate with the fluid path-
way ol the dialysate cassette and more particularly with at
least pumping device of the dialysate circuit (or connected
line). Thus, each pumping device may comprise a pressure
sensor located upstream the pumping device and another
pressure sensor located downstream the pumping device.

Preferentially, a blood sensor (Bs1) may be configured to
cooperate with the dialysate line. The blood sensor may be
configured to cooperate with the fluid pathway of the
dialysate cassette. The blood sensor may be arranged down-
stream the dialyzer 2 but preferentially upstream the pump
16.

Single Priming Container

The system may comprise a (single) priming container 33
(for example shown by the FIGS. 20 and 21) in flud
communication with at least one of the blood circuit and the
dialysate circuit during the priming process in order to prime
at least a part of both circuits. As the other bag of the system,
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the single priming container 33 may be a bag having one or
more flexible wall sealed to a rigid wall another flexible
wall.

The system may comprise a dialysate circuit having a
dialysate connector 37, a blood circuit having an arterial
connector 26 and a venous connector 27 and a priming
container having a storage compartment. The system may be
adapted to provide a fluid connection (only during the
priming process of the system before starting the treatment)
between the storage compartment of the priming container
33 and the connectors (dialysate connector, arterial connec-
tor and venous connector).

The system may further comprise at least one of a first
pump dedicated to the blood circuit, a second pump dedi-
cated to the dialysate circuit, a memory having computer-
executable instructions dedicated to the priming process, a
processor connected to the memory and the pumps. Both
pumps may be adapted to move the priming solution (1ni-
tially stored in the priming container) through the fluid
circuits. The processor 1s adapted to control the pumps
(successively or simultaneously) according to the computer-
executable 1nstructions 1n order to automatically perform all
or a part of the priming process.

The single priming container may store a saline solution,
a dialysate solution or other compatible solution (compatible
with blood and/or dialysate).

If the single priming container stores a saline solution or
other compatible solution to prepared dialysate solution (for
example pure water, . . . ), at least a part of the dialysate
solution (used for the treatment) may be automatically
prepared from this stored solution. In this case, a volume
fraction of the solution 1nitially stored 1n the single priming
container 1s added to the bag 13 in order to prepare a
dialysate solution before starting the treatment and a con-
centrate solution may be also added to the bag 13. In this
case, the processor may be programmed 1n order to auto-
matically move a predetermined volume fraction of the
solution (1nitially stored in the container 33) to the bag 13
and a predetermined volume fraction of concentrate solution
(initially stored in the contamner 31) to the bag 13. The
processor may take into account the fact that the prepared
dialysate solution will be regenerated/recycled through the
sorbent device multiple times during the treatment and thus
prepare a predetermined 1nitial volume of dialysate solution
before starting the treatment. In particular, the volume of
dialysate solution initially prepared may be smaller than the
volume of dialysate solution used at the end of the treatment

due to the UF and/or the volume of added concentrate
accumulated during the treatment. Furthermore, the priming
solution may be also added to the bag 19 (of the blood
circuit) and used at the end of the treatment as described
above.

If the single priming container stores a dialysate solution
or other compatible solution with the blood, a volume
fraction of the solution 1nitially stored in the single priming
container may be added to the bag 13 (for example 1f the bag
13 1s empty at the beginning of the treatment). Furthermore,
the priming solution may be also added to the bag 19 and
used at the end of the treatment as described above.

Thus, a (the single) priming container may be used to
supply a solution to the bag 19 and/or to the bag 13 and/or
to prime the blood circuit 3 and/or the dialysate circuit 4. In
other terms, the volume of the storage compartment of the
single priming container may take into account a required
volume for the bag 13, a required volume for the bag 19

10

15

20

25

30

35

40

45

50

55

60

65

18

and/or a required volume for priming the fluid pathway of
both circuits ({or example the pathway, the dialyzer, the
sorbent, . . . ).

The single priming container may comprise one, two or
three outlets.

Referring now to the FIG. 20, the single priming container

33 comprises three outlets, for example three tubes and/or
three connectors. Each outlet 1s 1n fluid communication with
the solution stored in the contamner and may comprise a
dedicated connector. A first connector 34 may be adapted or
intended to be connected to a dialysate circuit connector 37.
This dialysate circuit connector may be connected to a tube
which may extend up to the dialysate cassette. A clamp or a
valve V5 may be used to clamp or to close this fluid pathway.
In the cassette, this fluid pathway may be 1n fluid connection
with the dialysate circuit for example to the tluid pathway
between the bag 13 and the pump 14 (as the bag 28 which
1s used 1n an other embodiment). A second connector 35 may
be adapted or intended to be connected to the venous
connector 27 and a third connector 36 may be adapted or
intended to be connected to the arterial connector 26.

Referring now to the FIG. 21, the single priming container
comprises two outlets, for example two tubes and/or two
connectors. Each outlet 1s 1n fluid commumnication with the
solution stored in the container and may comprise a dedi-
cated connector. A first connector 34 may be the same of the
connector 34 described above via the FIG. 20. A second
connector may have one or two ports. If the second con-
nector 35 has only one port, the system needs to have an
adapter so as to connect the second connector to the arterial
connector 26 and to the venous connector 27. If the second
connector 35 has two ports, a {irst port may be 1s adapted or
intended to be connected to the venous connector 27 and a
second outlet port may be adapted or intended to be con-
nected to the arterial connector 26.

If the single priming container comprises only one outlet
for example one tube and/or one connector, this connector
may have three ports (one for the dialysate circuit and two
for the blood circuit as described above) or the system may
use an adapter having one 1nlet port and three outlet ports as
the concept described above.

Overall System

The overall system may have a reusable part and a
disposable part. The disposable part comprises the elements
which have to be discarded after a predetermined number of
uses, for example, after a single use. The working life of the
disposable part may directly depend on the number of
treatment. These elements may be the elements which have
been wetted by the dialysate or by the blood, for example,
at least part of the blood circuit and/or at least a part of the
dialysate circuit and/or the dialyzer.

The disposable part of the blood circuit may comprise at
least one of a tube, a connector, a port, a cassette, a valve,
. . . . The disposable part of the dialysate circuit may
comprise at least one of a tube, a connector, a port, a
cassette, a valve, . . ..

Preferentially, the reusable part comprises the expensive
clements for example the sensor, the electronic part, the
screen, the actuator of the valve or of the pump, the
processor, the memory. The reusable part 1s successively
used with several disposable parts. The reusable part may
comprise components which may be replaced when the
components are too worn, become broken or after a prede-
termined period of time, but much longer than a single
treatment. The change of the reusable part may depend on
the component wear.
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According to the FIG. 4, the overall system 100 may
comprise a disposable part 101 and a reusable part 102 (also
called apparatus). The disposable part 101 may comprise at
least one of a dialyzer 103, a sorbent 104, a bag 1035 and a
cassette 106. The reusable part 102 may comprise at least
one of one or more processors 110, one or more screens 111,
other elements 112 connected to the processor such as one
or more buttons, one or more sensors 113, one or more
actuators 114 and other elements 115 connected to the

processor 110 and operatively and removably coupled to the
disposable part. The elements (111, 112, 113, 114, 115, 110)

may be arranged 1nto the housing of the reusable part. The
screen 111 may be touch screen and may be removably
coupled to the housing comprising the other elements of the
reusable part 102. All or a part of the elements may be
connected or coupled to the processor in order to control or
monitor the treatment. The processor 110 may execute
computer-executable 1mstructions stored 1n a memory of the
system. The sensor 113 may be adapted and intended to be
operatively coupled to the disposable part 101.

The active part of the sensor 113 (for example the part
which senses) may be located in the reusable part. In this
case, the disposable may comprise a coupling element
adapted to removably couple the sensor with the disposable
part 101. The active part of the sensor (such as probe) may
be located/arranged in the disposable part, in this case, the
sensor part located into the reusable part may be the con-
nection element allowing the communication between the
processor 110 and the active part of the sensor located in the
disposable part.

The actuator 114 may be operatively coupled with the
disposable part 1n such a manner that the actuator may act on
the disposable part, for example open/close a valve, actuate
the pump, . . . .

The element 115 may be a weight scale or a heater
controlled by the processor.

Cassette(s)

The system may comprise one or more cassettes which
define at least a part of the fluidic pathway of the blood
circuit and/or of the dialysate circuit. A cassette 1s prefer-
entially a part of the disposable part 106 (as shown 1n the
FIG. 4). The system may comprise a single cassette com-
prising a part of the blood circuit and a part of the dialysate
circuit. Preferentially, the system comprises two distinct
cassettes: a first cassette dedicated to the blood circuait,
adapted and intended to receive blood (and optionally a
priming solution, saline solution, pure water solution,
dialysate solution or other blood compatible solution) and a
second cassette dedicated to the dialysate circuit, adapted
and 1ntended to receive a dialysate solution or other com-
patible solution for the treatment. The FIGS. 2¢ and 3 show
a potential limit 40 of the cassette (blood cassette and
dialysate cassette). The pumping device(s) may be a part of
the cassette or may be arranged outside of the cassette.

The (blood and/or dialysate) cassette 106 comprises at
least one valve adapted and intended to be operatively
coupled with an actuator 114 of the reusable part. The (blood
and/or dialysate) cassette 106 may comprise at least a part of
a pump adapted and intended to be operatively coupled with
an actuator 114 of the reusable part.

The cassette 106 comprises a rigid frame 107 adapted to
receive a part of the fluid pathway of the circuit (blood or
dialysate). As shown by the FIG. 5, the cassette includes a
fluad cavity 120 (arranged 1nto the rigid frame for example),
one or more port 121 and/or one or more tlexible membrane
108 adapted to cover the flmd cavity 120.
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The flexible membrane may comprise a coupling area
adapted to be operatively coupled with a valve actuator
and/or a measurement area adapted to be operatively
coupled with a sensor of the reusable part of the system.

The cassette (the blood and/or dialysate cassette) may
turther comprise a handle 122 adapted to be gripped by the
fingers of a user hand.

The membrane may comprise a valve portion adapted to
close and open the fluid pathway of the cassette. In this
cassette, a lug/head of the valve actuator of the reusable part
of the system may push the valve portion against the rigid
part (for example the internal wall of the cavity of the rigid
frame) 1n order to close the fluid pathway. The membrane
may be formed/molded/structured so as to have a deter-
mined shape at the contact portion 124 with the valve seat
123 1n order to improve the tightness of the valve. The
membrane (1n particular the coupling area) may be formed/
molded/structured so as to have a determined shape such as
a clip element adapted to be removably coupled to a head of
a valve actuator (not show).

The FIGS. 36 and 36' show a schematic view (cross
section) of the cassette 106 wherein the valve 1s 1n an open
position. The membrane (in particular the contact 124) 1s
spaced apart from the valve seat 123. In the FIG. 3b, the
membrane and the valve seat of the rigid frame are designed
in order to have a rest position of the valve which 1s an open
position. In the FIG. 54, the membrane and the valve seat of
the rigid frame are designed in order to have an open
position when the membrane 1s pulled (for example by the
valve actuator).

The FIGS. 5¢ and 5¢' show a schematic view (cross
section) of the cassette 106 wherein the valve 1s 1n a closed
position. The membrane i1s 1n contact with the valve seat
123. In the FIG. 5S¢, the membrane and the valve seat of the
rigid frame are designed in order to have a rest position of
the valve which 1s a closed position. In the FIG. 3¢, the
membrane and the valve seat of the rigid frame are designed
in order to have a closed position when the membrane 1s
pushed (for example by the valve actuator) against the valve
seat 123.

In one embodiment, the cassette may comprise one or
more flexible tube secured in the cassette by a frame. In
order to limit the hemolysis, the valve actuator may be a
pinch valve actuator comprising a lug configured to pinch
the flexible tube through the blood cassette.

The (blood and/or dialysate) cassette may comprise a part
of the pump. In one embodiment, the pump is a peristaltic
pump. In this case, the cassette comprises a flexible tube 1n
fluid communication with a first fluid pathway and a second
fluid pathway of the cassette via dedicated ports. The
flexible tube 1s mtended to be pressed by at least two roller
of the pump against a ngid wall for example a part of the
rigid frame of the cassette. The cassette may further com-
prise a roller assembly including at least two rollers, a roller
support device, a coupling device intended to be operatively
coupled with a pump actuator of the reusable part of the
system.

Referring to the FIG. 6, the cassette comprises a flexible
tube 201 which 1s connected to the fluid pathway 202 of the
cassette 200, for example via an inlet port 203 and an outlet
port 204. A roller assembly 205 1s movably (by rotation)
disposed 1nto a cavity of the rigid frame of the cassette. The
roller assembly 205 comprises at least two rollers 208
maintained by at least one support 206. The FIG. 6 further
shows a shait 207 which 1s a part of the pump actuator of the
reusable part. The shait 207 1s intended to actuate the roller
assembly 205. In this embodiment, the roller support 206
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comprises a through hole 1n which the shaft 207 of the pump
actuator 1s intended to be inserted when the cassette 1s
loaded. The roller 208 may be drive by friction and/or may
comprise a coupling device (coupled with the roller support
206) such as lug and hole or toothed gear. When the cassette
1s fully loaded the pump part of the cassette 1s operatively
coupled to the pump actuator of the reusable part.

The roller 208 may be movable relative to 1ts support, for
example when the shatt of the pump actuator 1s inserted into
the roller support 206, the external wall of the shaft pushes
the roller 208, urging the roller 1n direction of the peripheral
end of the support.

The cassette may be adapted to be inserted into an
opening of the reusable part (apparatus) as described there-
after. In order to prevent any finger pinching between the
cassette and the opening of the reusable part, the cassette
may be adapted to be substantially fitted to the opening (so
as to at least partially or fully obstruct or block the opening
when a cassette 1s mserted). The handle and/or the tube(s)
(of the cassette) may protrude from the cassette and from the
housing of the apparatus when the cassette 1s fully mserted
into the opening. Preferentially, the opening and the cassette
are designed in such a manner as to never present any
opening having any dimensions larger than 25 mm prefer-
entially larger than 10 mm more preferentially larger than 8
mm or 5.6 mm when the cassette 1s fully inserted into the
opening. For example, the cassette may comprise an edge
which substantially obstructs the opening when the cassette
1s fully inserted into the opening (as described thereafter
with the FIGS. 22 and 23). One goal of such design i1s to
avoid the penetration of any patient’s finger or object of a
similar size into the lodging of the cassette when a cassette
1s present.

The blood circuit comprises at least two tubes (arteria line
and venous line) but preferentially the blood circuit com-
prises a dedicated cassette and five or six tubes (or more)
which extend from the (blood) cassette. A first tube con-
nected to the patient (arterial line), a second tube connected
to the patient (venous line), a third tube connected to the
blood return bag 19, a fourth (optional) tube connected to the
blood return bag 19, a fifth tube connected to the dialyzer 2
(artenial line) and a Slxth tube connected to the dialyzer 2 (or
drip chamber 9) (venous line).

The dialysate circuit comprises at least two tubes (down-
stream and upstream of the dialyzer) but preferentially the
dialysate circuit comprises a dedicated cassette and at least
seven tubes which extend from the (dialysate) cassette: a

first tube to the dialyzer 2, a second tube from the dialyzer
2, a third tube to the sorbent device 17, a fourth tube from
the sorbent device 17, a fifth tube from the concentrate
container 31, a sixth tube to the weighting container 13 and
a seventh tube from the weighting container 13. Optional
tubes and connection may be: from an mitial supply con-
tainer 28 or priming container 33, from additional supply
container 32, from an (1n line) heating system . . . .

Other tfluid pathway may be arranged 1nto the cassette and
at least a part of the fluid pathway comprising a valve may
be arranged into the cassette. The FIG. 3 shows the potential
limit 40 of the dialysate cassette. The FIG. 2¢ shows the
potential limit 40 of the blood cassette. The shape and/or the
s1ze of these limits are just an illustration and are not to be
taken 1n a limiting sense.

Apparatus (Reusable Part)

The apparatus (also called dialysis unit) 1s a reusable part
of the system. The apparatus 1s designed to be portable by a
user; nevertheless this apparatus 1s not designed to be fixed
to the patient. As used 1n this specification and the appended
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claims, the term “portable” i1s generally employed in 1ts
sense mncluding “light and small enough to be easily carried
or moved” or “possible to take with you 1f you move to a
different place™ or “easily carried or conveyed by hand”.

The FIGS. 7 to 12 show a first potential embodiment of
the dialysis system, the FIGS. 33 to 36 show a second
potential embodiment of the dialysis system and the FIGS.
37 to 39 show a third potential embodiment of the dialysis
system. Even 1f each embodiment has a specific shape, these
embodiments may comprise the same or substantially the
same assemblies or sub-assemblies (such as pole, container
support, scale, sensor, loading system, door device, cassette,
support, fluid circuit, container receiver, functional element,
clectronic device, handle, display device, . . . ) described 1n
this document.

Referring now to the FIG. 7, the apparatus 300 comprises
a housing 301 in which are arranged components for con-
trolling a dialysis treatment. For example: a processor, a
valve actuator, a sensor, at last a part of a blood pump
adapted to cooperate with the blood line 1n order to move
blood through blood line when the blood line 1s 1 fluid
communication with a blood source (the patient) and at last
a part of a dialysate pump adapted to cooperate with the
dialysate line in order to move dialysate through the
dialysate line when the dialysate line 1s i fluid communi-
cation with a dialysate source. The housing 301 have a front
panel and side panels.

The housing may have at least one recess 318 (see FIG.
11a) designed to be grasped by the hand of a user, the at least
one recess may have a gripping element (for example a
shape or a structure which is easy to be grasped by the hand).
Preferentially, the apparatus comprises two recesses with
oripping element arranged on two opposite side panels of the
housing. The recesses may be located at a lower portion of
the housing.

Preferentially, the apparatus comprises a display device
302 which may be a movable screen (such as a tablet)
removably fixed to the apparatus via a screen support 303.
The display device may comprise several screens showing a
current status of the treatment, a setting screen, a text and
video 1nstruction, patient data, treatment data, . . . . The
display device may comprise a processor connected to a
memory which comprises a text and video instruction,
patient data, treatment data, sound files, video files, .. .. The
display device 302 may be removably attached to at least
one ol a container support 304 (for example a pole 312 (not
shown)), the housing 301 and the pole 312. The display
device may comprise a display commumnication unit with a
receiver and emitter wirelessly coupled to an apparatus
communication unit arranged into the housing 301. Thus,
the electronic part arranged into the housing 301 of the
apparatus may wirelessly communicate with the display
device. A link wire may provide the communication between
the apparatus and the display device or use to recharge a
battery of the display device. This link wire may comprise
an USB connector or other standard connector (for example
Apple standard connector). The use of a USB connector or
standard connector allows using a standard tablet (I-Pad,
Android tablet, . . . ) as display device. Thus, 1n case of
failure of the original display device, the user can change
with a standard tablet.

The display device 302 may be used as an electronic
health booklet for the treatment. The patient brings to the
doctor his display device and the doctor may monitor the
treatment history and other health data of the patient. The
doctor may change the treatment parameters via the display
device. Furthermore the doctor may download the treatment
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parameters or other data from his computer (PC or other
computing device of the doctor) to the display device
wirelessly or via a wire connection (for example an USB
connection). Furthermore, the display device may comprise
an application or computer-executable mstructions adapted
to download data from and/or upload data to the doctor’s
computer and an internal memory configured to record the
treatment history, the patient data (weight, blood pressure,
alarm, UF, executed treatment, . . . ), the new treatment
parameter, . . . .

The apparatus may comprise a standard connection port
(for example USB port) connected to the electrical supply
management device of the apparatus and/or connected to a
processor of the apparatus, and the display device may
comprise a standard connection port (for example USB port)
connected to the electrical supply management device of the
display device (connected to the battery of the display
device) and/or connected to a processor of the display
device.

The apparatus may further comprise an additional screen
305, a power button 306 or an emergency button 307. The
additional screen 305 1s designed to bring information to the
user 1 a concise manner.

The display device provides more detail (videos, mnstruc-
tions, advises, . . . ) than the additional screen (alarms,
failures, current treatment, progress bar, . . . ). The power
button 306 may be designed to turn on or oif the apparatus
or to turn off all or a part of apparatus lights. The emergency
button 307 may be designed to be activated during the
treatment for example to command a premature end of
treatment (for example to launch the blood return process
before the end of the treatment). These buttons and screen
are preferentially connected (via a wire connection) to the
processor of the apparatus. In one embodiment, similar
buttons may be arranged on and may be enable via the
display device (via the touch screen for example).

The apparatus may comprise a dialyzer support 308
(configured and intended to removably secure the dialyzer)
and a drip chamber support 309 (configured and intended to
removably secure the drip chamber) which may be arranged
on the front panel of the housing 301, on a lateral panel of
the housing 301 or on a container support 304 (for example
fixed to the pole).

Preferentially the housing comprises at least one opening,
(slot or groove) adapted to allow inserting one or two
cassettes of the disposable part into the apparatus. The FIG.
7 shows a single opening and the FIG. 8 shows two distinct
openings. The opening may be substantially horizontally (or
vertically or inclined) extended on the front panel and/or a
lateral panel of the housing 301. The FIG. 33 shows two
vertical (and preferentially lateral) openings closed by
vertical doors (such sliding door, retractable door, revolving
door or swing door). The FIG. 37 shows horizontal
opening(s) closed by door(s) (a single door or two doors)
(such sliding door, retractable door, revolving door or swing
door) which may be adapted or configured to be used as a
container receiver.

In case where the disposable part comprises two distinct
cassettes, a single opening may be adapted for both cassettes
or two openings may be arranged through the housing. In
case where the apparatus comprises two distinct openings
for inserting the cassettes through the housing, a first open-
ing may be arranged 1n a {irst portion of the housing and the
second opening may be arranged 1n a second portion (which
may be opposite to the first portion).

For example, the FIG. 8 shows a housing 301 with a first
opening 310 and a second opening 311. The first opening 1s
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horizontally extended through a first portion 319 of the
housing 301. For example, the first opening 310 1s horizon-
tally extended from a part of the front panel 321 to a part of
the side panel 322 of the first portion 319. The second
opening 311 1s horizontally extended through the second
portion 320 of the housing 301. For example, the second
opening 311 is horizontally extended from a part of the front
panel 321 to a part of the side panel 323 of the second
portion 320.

Between the both openings, the apparatus may comprise
a rigid structure adapted to support the weight of the
clements arranged above the openings so as not to deform
the general structure of the apparatus.

The first opening 310 may be dedicated to the blood
cassette and the second opening may be dedicated to the
dialysate cassette. The FIG. 8 shows a first opening smaller
than the second opening. The apparatus and/or the cassette
may further comprise a mechanical coding in order to
prevent the msertion of a cassette in a non-dedicated open-
ing. Thus, the user cannot insert a blood cassette 1n the
second opening and/or a dialysate cassette 1n the first
opening. Preferentially the dialyzer support 308 1s arranged
between both openings and the drip chamber support at the
first portion 319. The dialyzer support 1s configured 1n order
not to obstruct any opening when the dialyzer i1s secured on
its support, such that the cassette may be loaded to or
unloaded from the apparatus.

The first portion may be called the blood side of the
apparatus because this side receives the opening dedicated
the blood cassette. The second portion may be called the
dialysate side of the apparatus because this side receives the
opening dedicated the dialysate cassette.

Referring now to the FIG. 9, the user inserts a blood
cassette through the first opeming. In this embodiment, the
blood cassette comprises a handle 122 by which the user
grasps the blood cassette. The blood cassette 1s engaged and
slid 1nto the apparatus according to an axe defined by the
apparatus 300 (Y or X axes). The cassette 106 further
comprises at least one tube 116 which extends from a side
of the cassette (preferentially a side which 1s perpendicular
to the side comprising the handle or other side than the side
of the handle or same side than the handle). At least one
opening 1s adapted to allow the passage of the tube outside
the apparatus through the opening of the side panel of the
first portion (for example). To 1nsert the blood cassette, the
user manipulates the blood cassette by the handle, enters the
cassette through the opening (for example of the front panel
or of the side panel) and slides the cassette until the end of
the path. At the end of the path, a sensor 1s adapted to detect
the presence of the inserted cassette. This sensor sends (to
the processor) data 1n order to inform the processor that the
cassette 1s 1nserted.

Referring now to the FIG. 10, the user inserts a dialysate
cassette through the second opening. In this embodiment,
the dialysate cassette comprises a handle 122 by which the
user grasps the dialysate cassette. The dialysate cassette 1s
engaged and shid into the apparatus 300 according to an axe
defined by the apparatus (Y or X axes). Said insertion axe of
the dialysate may be the same of or opposite to the insertion
axe of the blood cassette. The cassette 106 turther comprises
at least one tube 116 which extends from a side of the
cassette (preferentially a side which 1s perpendicular to the
side comprising the handle or other side than the side of the
handle or same side than the handle). At least one opening
1s adapted to allow passage of the tube outside the apparatus
300 through the opening of the side panel of the second
portion (for example). To msert the dialysate cassette, the
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user manipulates the dialysate cassette by the handle, enters
the cassette 106 through the opening (for example of the
front panel or of the side panel) and slides the cassette until
the end of the path. At the end of the path, a sensor 1s
arranged adapted to detect the presence of the cassette 106.
This sensor sends to the processor the data 1n order to inform
the processor that the cassette 1s mserted.

When the cassette 1s inserted a loading system may be
automatically activated/launched. During the treatment, the
opening may be closed by a door and/or a lock mechanism
may bloc the cassette 1n an operating position. One or both
may be activated by the loading system or at the start of the
treatment. The lock mechanism may be a rod serted
through a hole arranged 1nto the cassette during the loading,
process (for example by the loading system).

Referring now to the FIGS. 22 and 23, a cassette 106
comprises tubes 116 and an optional handle 109. The
apparatus 102 comprises an opening 324 arranged on a {irst
side 327 of the housing and an additional opening arranged
on a second side 328 of the housing. Preferentially, the first
side 327 1s substantially perpendicular to the second side
328. The opening 324 and the additional opening 3235
provide an access to a cassette holder (at least for inserting
or removing the cassette). The openming 324 and the addi-
tional opening 325 provide a continuous aperture so that a
part of the apparatus 1s cantilevered above the cassette
compartment. The opening 324 and the additional opening
325 define a horizontal, inclined or vertical plan (1n respect
of the apparatus) in which the cassette will be inserted
during at least a part of the loading process or during the
treatment.

The opening 324 1s adapted to allow inserting and remov-
ing the cassette, thus the opening 324 may be larger than at
least the side of cassette by which the cassette 1s inserted. At
least during the msertion phase or withdrawn phase (of the
cassette), guiding elements (of the cassette holder, for
example tracks) are aligned with the opening(s) and
arranged along with the plan defined by the openings.

The additional opeming 325 i1s adapted to allow at least
one element to protrude from the housing, for example the
tubes, handle, . . . . The additional openming 325 may be
smaller than the side of the cassette by which the elements
protrude. For example, the opening 324 (shown at the FIGS.
23a, b and c) has substantially the same size than the side of
the cassette which comprises the handling element 109
while the additional opening (the side opening) 325 (as
shown 1n the FIG. 23¢) 1s shorter than the corresponding side
of the cassette. The dashed line shows the limits of the
cassette in the apparatus.

The FIGS. 23aq and b show the references “XX” and
“YY”, these references illustrate the recess formed by the
cassette and the housing of the apparatus when the cassette
1s Tully mserted. The size of XX and/or YY may be as small
as possible (for example depending on the manufacturing
tolerances) 1 order to provide an area substantially plane of
at least one side (comprising the opening) of the apparatus
when the cassette 1s fully inserted.

Other possible designs are shown by the FIGS. 24, 25 and
26. The FIG. 25 shows a single opening 324 (no opening
325) for the cassette and a cassette comprising tubes and

optionally a handle arranged on the same side. In another
embodiment, a part of the tubes are arranged on the same
side of the handle and another part of the tubes are arranged
on an other side of the cassette as disclosed at the FIG. 26.
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All features 1llustrated through the FIGS. 22, 23, 24, 25
and 26 may be implemented to the blood cassette and/or the
dialysate cassette and there dedicated opening(s) of the
apparatus.

The apparatus may comprise container support 304 (such
as a pole or a receiver) (for example as shown by the FIG.
7) intended to recerve one or more container (such as bag,
syringe, . . . ) during the treatment. The containers may be
a part of the disposable part and the container support 304
may be a part of the reusable part. At least one container
stored at least one of dialysate solution, saline solution,
concentrate solution and other solution (heparin, calcium,
pure water, . . . ).

As described above, the apparatus may comprise a con-
tainer support 304 which 1s mtended to receive or hold a
solution bag during the treatment. The container support
may be adapted to have a first position and a second position
(and an optional third position). The first position 1s required
during treatment and the second position may be required
during the transport of the apparatus or when the apparatus
1s stored or when the apparatus does not perform any
treatment. The second position allows having a compact
apparatus with optimized size.

Referring to the FIGS. 11aq and 115, the apparatus 300
comprises a pole 312 adapted to hold at least one solution
bag (for example: dialysate, concentrate, saline, empty bag,
UF bag, drain bag, . . . ). The solution bag may be removably
fixed to the pole 312 via one or more hook 313. The pole 312
comprises a first position allowing supporting the bag during
treatment. The pole 312 may be telescopic in such a manner
that the length (h) of the pole 312 (when 1s placed 1n the first
position) may be greater than the length (12) of the pole 312
(when 15 placed 1n the second position). When the pole 312
1s placed 1 a second position, the user may move the
apparatus 300 by taking by the hand the pole 312 as a
handle. The pole 312 may comprise a rotating fixing element
314 adapted to fix the pole to housing of the apparatus and
to move the pole from a first position to a second position
and/or vice versa. A lock device (not shown) may be adapted
in order to block the pole 1n a predefined position. Prefer-
entially the contamner 19, 28, 32 and/or 33 (for example
shown by the FIG. 3, 20 or 21) 1s/are removably fixed to the
pole 312 1n preparation, priming and/or treatment configu-
ration. The pole may comprise an electronic scale.

Referring to the FIGS. 12a, b and ¢, the apparatus may
comprise a movable container support 315 adapted to
receive a solution bag (for example: dialysate, concentrate,
saline, empty bag, UF bag, drain bag, . . . ). The movable
container support may comprise a receiver part having a
concave shape designed to recerve and to store at least one
solution bag during the treatment. The apparatus 300 may
comprise a fixing element 317 adapted to removably secure
or to removably position or remobaly lay on the movable
container support to/against the housing 301. The movable
container support 315 comprises three positions, a first
position required during treatment, a second position which
may be required during the transport of the apparatus or
when the apparatus 1s stored or when the apparatus does not
perform any treatment and a third position providing an
access to a container receiver 316 arranged below. The
fixing element 317 may be a protrusion. The protrusion may
comprise a protruded position allowing placing the movable
container support 1n a {irst position and a retracted position
allowing placing the movable container support 1n a second
position.

The FIG. 12a shows the movable container support 315 1n
a second position. The movable container support 1is
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designed to optimize the size. The shape of the movable
container support 315 and the shape of the container receiver
316 are designed 1n such a manner that the container receiver
316 may receive at least a part of the movable container
support, for example the receiver part of the movable
container support 315. Another part of the movable con-
tainer support may be designed in such a manner to surround
a part of the housing 301 when the movable container
support 1s 1 second position.

The FIG. 126 shows the movable container support 1n a
third position so as to have an access to the container
receiver 316. The movable container support may be
removed from the apparatus (for example from the housing).

The FIG. 12¢ shows the movable container support 315
laid on or positioned on or secured to the fixing element 317
(for example the protrusion) when the movable container
support 1s placed 1n a first position. In this position, a first
solution bag may be stored in the movable container support
315 (for example a concentrate solution bag) and a second
solution bag (different from the first, for example a dialysate
solution bag or a saline solution bag) may be stored in the
container recerver 316 (arranged below the movable con-
tainer support). The container receiver 316 may comprise a
heating element adapted to heat the bag stored in the
container receiver. As the movable container support is
placed above the heated bag, the bag stored in the movable
container support can receive residual heat. The container
receiver may be firmly secured to the apparatus.

This container receiver 316 may further comprise a
weight scale 1n order to weigh the bag stored in the container
receiver. The movable container support 315 may be
designed in such a manner that the weigh scale 1s not
disturbed by the movable container support or by the weight
of the bag stored in the movable container support. In other
terms, when the movable container support i1s 1n first posi-
tion, (for example thanks to the fixing element and the shape
of the container support or container receiver) the receiver
part of the movable container support 316 i1s spaced far
enough apart from the receiver part of the container receiver
316 i order to store a predetermined volume of fluid stored
in the bag (received by the container receiver 316). In case
where the system comprises a sorbent device and the con-
tainer receiver stores the bag 13 of the FIG. 3, this volume
of fluid 1s determined by taking into account a dialysate
volume and the ultrafiltration resulting from the treatment.
The dialysate volume may be a quantity commensurate with
being recycled through the sorbent cartridge multiple times.

Preferentially the movable container support 315 receives
a supply solution bag (for example a concentrate supply bag
31 or other) and the container receiver 316 receives a
dialysate solution bag 13 (also called the weighing bag) used
to mix and/or to weigh the cleaned dialysate (cleaned by the
sorbent and comprising ultrafiltration) and a volume fraction
ol concentrate (progressively added during the treatment).

Referring now to the FIG. 33, the dialysis system 600
comprises an apparatus 601 having a housing 607, a first
door 604 and a second door 6035. The first door 604 1is
configured to allow accessing the cassette holder of the
blood cassette 602 (for example). The second door 605 1s
configured to allow accessing the cassette holder of the
dialysate cassette 603 (for example). The dialysis system
600 may comprise a loading system as described thereafter.
The loading system may horizontally move the cassette
holder (with or without the door) or the functional element
support

The FIG. 34 shows two views of the dialysis system 600
having a (extended and preferentially retractable) pole 609,
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a removable display device 610 and a weighting scale 611.
The FIG. 35 shows the system 600 1n functional condition.
The system further comprises a sorbent device 612, the tubes
613 of the fluid circuits and the weighing bag 614.

The FIG. 36 show an apparatus support 6135 which may be
modular and may be used as a luggage with rollers (as
described thereafter). The apparatus support 615 may be
configured to store the apparatus 601 1nto a cavity of the
apparatus support 613 1n transport condition. Optionally, the
apparatus support 615 may be configured to support or to
receive the apparatus on a surface of the apparatus support
in functional condition.

The apparatus support 615 may further comprise a sorbent
support 616 arranged on a side of the apparatus support and
which may be retractable into the apparatus support. The
apparatus support may comprise rollers, a planar surface and
side doors.

The FIG. 37 shows another potential embodiment 700
having an apparatus 701, a display device 710, a door 704
allowing accessing to the cassette holder(s) and a heating
compartment 705. In this embodiment, the loading system
may move up and down the cassette holder with the door.

The FIG. 39 shows the system 700 in functional condi-
tion. The system further comprises a sorbent device 712, the
tubes 713 of the flmd circuit and the weighing bag 714.
Loading System

Two distinct loading systems may be used for the appa-
ratus (for example shown by the FIGS. 13 to 17). For both
systems, the loading system 400 comprises at least one of a
drive mechanism and a cassette holder 401 intended to
removably receive a cassette. The cassette holder 401 1s
arranged 1nto the housing of the apparatus. The aim of the
loading system may be to enable the coupling between

dedicated active clements 404 (also called components),
403, 402 of the apparatus and the cassette 106. Preferentially
the dedicated active elements are the active elements which
are mtended to be operatively coupled to the cassette (for
example to the coupling area and/or to the measurement area
of the cassette) during the operating process (during the
treatment, or a part of test process, for example). The
dedicated active elements may be at least one of a sensor 402
(a1r, pressure, blood detector, . . . ), an actuator of the pump
404, a valve 403, and . . . . A part or all dedicated active
clement may be arranged on a support 406. Said support
may be plate or a frame structured or/and intended to receive
and/or to be 1n contact with or closer to an operative face of
a cassette (1n operating configuration). The operative face of
the cassette 1s a face or a part of a face which comprises the
measurement area (1intended to cooperate with the pressure
sensor of the apparatus) and/or the coupling area (intended
to cooperate with the valve actuator, the pump mechanism or
other actuator of the apparatus).

The drive mechanism 1s adapted to enable a first position
wherein the cassette may be operatively coupled with the
dedicated active elements of the apparatus and a second
position wherein the cassette 1s not coupled with (for
example spaced apart from) the dedicated active elements of
the apparatus. The second position further allows charging
the cassette mto or removing the cassette from the cassette
holder. When the loading system 1s 1n second position the
opening and/or the cassette holder may be illuminated 1n
order to inform the user that he can insert a cassette or
remove the cassette. The illumination may be a specific
color, for example a first color when the loading system 1s
in a {irst position and a second color (diflerent from the first)
when the loading system 1s in a second position. Another
indicator device may inform the patient about the position of
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the loading system, for example a sound, a voice, a movie,
a text on the display device or on the additional display ora
light 1lluminating a part of the dialyzer support.

The cassette holder 401 comprises at least one of a
oguiding means (for example rail or (linear) guiding element)
adapted to cooperate with the cassette 1n order to allow a
sliding (relative) movement (of the cassette relatively to at
least one of the cassette holder, the components and the
housing), a mechanical stop, and a sensor. The sensor may
be adapted to detect an insertion of a cassette and/or a full
isertion of the cassette. The sensor may be adapted to
determine if the element inserted (into the opening) 1s a
cassette or other (for example a finger, . . . ). For example the
sensor may be an optical sensor connected to the processor
of the apparatus. For example, a transmitter emits an (1invis-
ible infrared) light beam to a receptor. The processor detects
a finger or other things when the receptor does not receive
the (infrared) light beam. The cassette may be substantially
transparent thus the receptor can recognize the cassette
thanks to the dispersed light which 1s detected by a sensor.
The sensor may be arranged near the opening and/or near the
mechanical stop.

In one embodiment, a first sensor may be arranged close
to a first end 1nto the recerving compartment of the cassette
holder (for example the opening) in order to detect the
insertion ol an object. A second sensor may be arranged
close to another end 1nto the receiving compartment of the
cassette holder (for example an opposite end of the first end)
and adapted to detect a cassette fully inserted. In this
embodiment, the first sensor may be optional. When the
loading system 1s 1n a second position, the display device
may display a message so as to inform the user to insert the
cassette. After a predetermined period of time, 11 the first
sensor does not detect any passage then the display device
may display a message so as to inform the user that no
cassette has been detected and an audible alarm may be
triggered. It the first sensor detects an object but the second
sensor does not detect any object after a predetermined
period of time, then the display device may display a
message so as to mform the user that the cassette has not
been fully inserted and an audible alarm may be triggered.
If the first sensor and the second sensor (or at least the
second sensor alone) detect the cassette then the processor
may authorize the loading process (for example the passage
from the second position to a first position, which also
described therealter) or may automatically initiate the drive
mechanism (for example the change of position). A secure
loading mechanism (as described thereafter) may check that
both sensor or at least the second sensor detect the full
insertion of the cassette and initiate the change of position
when the user command the loading process (for example by
pushing a button as described thereatter). If the user does not
command the loading system, then the display device may
display a message so as to prompt the patient to push the
button (for example).

In briet, the method of 1nsertion may comprise the steps
of:

Inserting the cassette through the opening of the appara-

tus;

Detecting the cassette; and

Allowing the activation of the loading system when the

cassette 1s fully inserted.

In other terms, the processor, which operates with the
loading system, 1s adapted to:

Receive a signal of at least one sensor corresponding to a

detection of a cassette 1n the cassette holder,
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Allow the activation of the loading system when the
cassette 1s fully inserted,

The processor may be further adapted to (as similarly

described thereatter)

Receive a signal corresponding to an activation of one or
more button, said activation and allowance being veri-
fied by the security loading mechanism;

Initiate the change of position of the loading system by
activating the drive mechanism.

Belore starting the treatment (for example before that a
fluid wets the cassette), the system may be adapted to abort
the treatment 1f requested by the user. Thus, the system may
comprise a button (for example a cancel button) arranged on
the housing or displayed on the display device allowing to
stop the process and to save the unused cassette. In this case,
the processor may control the drive mechanism so to change
the position 1f needed (from the first position to the second
position) and the user can remove the cassette 1n order to use
it at another time.

The cassette holder comprises one or more specific area
(hole, opening, . . . ) where the dedicated active elements are
intended to be coupled with the cassette.

According to a first embodiment, the drive mechanism 1s
adapted to move the cassette holder (also called movable
holder of cassette) relatively to the apparatus (for example to
at least one of the housing, to the opening, and the fixed
support of components). The support 406 of the dedicated
active elements 406 (also called fixed support of compo-
nents) may be firmly secured into the apparatus and are not
moved by the drive mechanism.

According to a second embodiment, the drive mechanism
1s adapted to move one or more dedicated active elements
(for example the support (also called movable support of
components)) relatively to apparatus (for example to at least
one of the housing, to the opening and the fixed holder of the
cassette). The cassette holder (also called fixed holder of the
cassette) may be firmly secured into the apparatus and are
not moved by the drive mechanism.

According to another embodiment, the drive mechanism
1s adapted to move one or more dedicated active elements
and the cassette holder relatively to apparatus. Thus, the
drive mechanism 1s used to bring the dedicated active
clements and the cassette holder closer or to move away.

In all cases, preterentially, the opening(s) of the housing
does (do) not move with the drive mechanism. In other
terms, the opening(s) of the housing may be fixed and/or
may have a fixed perimeter. Thus, according to the first
embodiment described above, the openings of the cassette
holder are aligned with the opening of the housing only
when the loading system 1s 1n second position. According to
the second embodiment described above, the (openings of
the) cassette holder are aligned with the opening of the
housing when the loading system 1s in first position and
when the loading system 1s 1n second position. Thanks to this
embodiment, there are no risk of pinching fingers.

Retferring to the FIG. 134, the first embodiment and the
second embodiment may be used here. The loading system
400 1s 1 open position allowing 1nserting the cassette into
the cassette holder. The dedicated active elements are spaced
apart from the specific area.

According to the FIG. 135', the cassette holder 1s moved
by the drive mechanism relatively to the dedicated active
clement 1n order to put the loading system (or the cassette
holder) 1n a first position. According to the FIG. 135", the
dedicated active elements (or the support) are moved by the
drive mechanism relatively to the cassette holder 1n order to
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put the loading system (or the dedicated active element or
the support 406) 1n a first position.
The FIG. 13¢ shows the loading system 400 1n the first

position wherein the cassette may be coupled to the dedi-
cated active elements. This position 1s maintained during the
operating process, for example during the treatment.

According to the FIG. 134, the cassette holder 1s moved
by the drive mechanism relatively to the dedicated active
clement 1n order to put the loading system (or the cassette
holder) 1n a second position. According to the FIG. 134", the
dedicated active elements (or the support) are moved by the
drive mechanism relatively to the cassette holder in order to
put the loading system (or the dedicated active element or
the support 406) 1n a second position.

The FIG. 13e shows the loading system 400 1n the second
position. The dedicated active elements are spaced apart
from the specific area. The cassette can be removed from the
cassette holder.

The FIG. 13f shows the loading system 400 1n a first
position but without cassette. The FIG. 13g shows the
loading system 400 1n a second position without cassette.
The FIGS. 13/ and 13g show a rest position which may be
required when the apparatus 1s not used or 1s moved.

In one embodiment, an active element (such as (pinch)
valve actuator or pumping mechanism) may act i an
opposite direction of the drive mechanism and may induce
a non-intentional displacement of the loading system. For
example, when the valve actuator 1s actuated to close a fluid
pathway, the valve actuator may push on the cassette and
induce a non-intentional displacement of at least one of the
movable holder of the cassette and the movable support of
the components. A first solution may be a lock device
configured lock the position of at least one of the movable
holder of the cassette and the movable support of the
components. A second solution may be that the compo-
nent(s) which may induce such non-intentional displace-
ment 1s not arranged on the movable support of the com-
ponents. Thus, an embodiment may comprise a fixed support
of the components and a movable support of the compo-
nents. One or more component (such as valve actuator,
sensor, pumping device or other) may be arranged on (fixed
to) the fixed support of the components while one or more
component (such as valve actuator, sensor, pumping device
or other) may be arranged on (fixed to) the movable support
of the components. The movable support may be configured
to be moved by the drive mechanism 1n order to move the
component or the movable support 1n a determined position.
The fixed support may be fixed to at least one of the cassette
holder, the (frame of the) apparatus and the housing and 1s
configured not to be moved by the drive mechanism (or not
to cooperate with the drive mechanism).

For example, in order to prevent or limit the hemolysis,
the valve(s) of the blood line may be a pinch valve config-
ured to pinch a flexible tube (for example of the (blood)
cassette). This type of valve may induce a non-intentional
displacement thus the pinch valve may be arranged on a
fixed support while at least one other component (pumping
device, sensor, other actuator, . . . ) may be arranged on a
movable support. In this case, the pinch valve (and other
components fixed to the fixed support) may have at least one
of an actuated state (for example closing the tluid pathway
when the loading system 1s 1n {irst position), a non-actuated
state (for example opening the fluid pathway and/or when
the loading system 1s 1n second position) and a disengage
state (for example when the loading system 1s 1n second
position).
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The loading system 400 may comprise a lock system
which locks the inserted cassette mn order to prevent a
movement of the cassette during the treatment. This lock
system may be at least one pin which cooperates with at least
one cavity (for example a hole) of the cassette. The lock
system may be activated by the drive mechanism. Thus,
when the drive mechanism puts the loading system in the
first position, the pin enters into the cavity of the cassette.
And when the drive mechanism puts the loading system in
the second position, the pin 1s removed from the cavity of the
cassette. The lock system may be used to perform a fine
alignment of the cassette with the dedicated active element
as a guiding element when the drive mechanism puts the
loading system in the first position. The alignment of the
cassette with the dedicated active element may be (fully or
partially) imnsured by the shaft of the pump. The lock system
may be the shait of the pump when insert between the
rollers.

The dialysate cassette holder may comprise a “dialysate”
dedicated loading system and the blood cassette holder may
comprise a “blood” dedicated loading system. Both dedi-
cated loading systems may be substantially simultaneously
activated or mitiated. Or each dedicated loading system has
to be separately activated or initiated. In case of dedicated
loading system, each dedicated loading system may com-
prise a dedicated drive mechanism or both dedicated loading
systems may be drove by a single drive mechanism.

The drive mechanism of the loading system (dedicated or
not) may be automatically activated by the processor or may
be enabled when the sensor of the cassette holder detects a
full insertion of the cassette into the cassette holder. The
drive mechanism may be activated by the user. The appa-
ratus may comprise a secure loading mechanism which
prevents a finger pinching when the user activates the drive
mechanism. The secure loading mechamism may be software
solution and/or a hardware solution. For example, the appa-
ratus may comprise two distinct buttons arranged for
example on the housing or on the touch screen. Both buttons
may have to be substantially sitmultaneously activated by the
user to mitiate the change of position of the loading system
(from the second position to the first position). Preferen-
tially, the buttons are spaced far enough apart from each
other 1n order to compel the user to use both hands (for
example at least the average length of a child’s hand). The
button may be also spaced far enough apart from the
opening(s), a safe distance may be equal to the length of a
hand (for example at least the average length of a child’s
hand).

The secure loading mechanism may be adapted for pre-
venting the patient from i1nadvertently mitiating the change
of position. For example, the secure loading mechanism may
be configured to prevent the processor from initiating the
change of position unless the user activates a button (ar-
ranged on the housing or spaced apart from the housing or
on the touch screen) according to an activation sequence and
the sensor detect a full insertion of the cassette. The acti-
vation sequence may compel the user to hold the button
activated or pressed during a predetermined time period (for
example until the loading system has reached the first
position). Thus, 1f the user no longer presses the button, the
secure loading mechamism may send a signal to the proces-
sor 1n order to stop the loading process and go back to the
second position the loading system. Thus the loading pro-
cess may comprise the following steps:

Receive (by the processor) a signal corresponding to an

activation of one or more button according to an
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activation sequence by the user, said activation being
verified by the security loading mechanism;

Initiate the change of position of the loading system (or
initiate the loading of the cassette into an operating
conflguration) by activating the drive mechanism; and,

Stop the drive mechanism or put the loading 1n an 1naitial
position (for example in the second position) by the
secure loading mechanism 1n case of failure (for
example if the user no longer presses the button accord-
ing to an activation sequence).

The apparatus may comprise a sensor adapted to monitor
or to detect at least one of first position and second position
of the loading system 400. The sensor may be an optical
sensor, a hall effect sensor, . . . . A first sensor may be
intended to detect the first position and a second sensor may
be mtended to detect the second position.

In operating configuration, if the processor detects a
change 1n the position, the processor may activate (tempo-
rarily or continuously) the drive mechanism in order to
maintain the good position. In other embodiment, the cas-
sette 1s maintained in the correct position throughout a
treatment by friction. The loading system applies a residual
force on the cassette (by design) and the processor does not
apply any additional power to the drive mechanism.

The electrical load data (of the drive mechanism) 1s
transmitted to the processor (also called processing unit).
The electrical load data may be the voltage applies to the
motor of the drive mechanism. When the voltage reaches a
predetermined value, the processor may stop the motor. The
clectrical load data may be also used to detect a jam
condition. In order to determine 1f a change (a peak or a
threshold) of the electrical load data 1s caused by an end of
the loading process or by a jam condition, the system may
use data sent by the position sensor. For example, when the
loading system moves from the second position to the first
position, the second position sensor sends a signal to the
processor for example so as to inform that the loading
system 1s no longer at the second position (or, conversely,
from the first to the second position, the first position sensor
sends a signal to the processor). The processor monitors the
clectrical load data and 1f a predetermined threshold 1is
reached before receiving a signal of the first sensor (for
example for informing that the first position 1s reached), then
the processor determines a jam condition. The processor
triggers an alarm and the loading system goes back to the
second position automatically. If a predetermined threshold
1s reached after receiving a signal of the first sensor (for
example for informing that the first position 1s reached), then
the processor determines that the first position 1s reached and
stops the motor of the loading mechanism. The processor
allows passing to the next step of the process.

In brief, the method of loading may comprise the steps of:

Initiating a change of position of the loading system (for
example from the second to the first position or vice-
versa);

Sensing a change of position (optional) (for example via

the position sensor);

Sensing an electrical load data increase; and

Causing the stop of the loading process 1n jam condition
or when the loading system has been reached the
wanted position

In other terms, the processor, which operates with the
loading system, 1s adapted to:

Initiate (for example i all condition i1s ok as described

above) the loading process (for example initiate the
motor of loading mechanism)
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Receive the signal of at least one position sensor (for

example from the second position sensor),

Receive the electrical load data of the motor

Stop automatically the loading process (for example the

motor) when a predetermined threshold has been
reached (for example of the electrical load data)

If the processor receives a signal from the other position
sensor (for example the first position sensor) before reaching
a predetermined threshold then the processor determine that
the wanted position has been reached and passes to the next
step.

I1 the processor does not receive any signal from the other
sensor (for example the first position sensor) while a pre-
determined threshold 1s reached then the processor deter-
mines a jam condition and optionally initiates the motor in
a reverse mode so as to go back to the initial position.

The predetermined threshold of the jam condition may be
higher than or smaller than or equal to the predetermined
threshold of the end of the loading process.

This method describes more particularly the loading pro-
cess but the same concept may be applied to the unloading
Process.

The FIG. 14 1s an exploded view of a loading system 400.
The loading system 400 comprises cassette holder 401, a
support 406 (for example a movable support) of the dedi-
cated active elements and a drive mechanism 409. In this
embodiment, the drive mechanism may comprise an electric
motor 410, a drive assembly 411 (for example a toothed
drive assembly) and a guiding assembly 412. The guiding
assembly 412 may comprise one or more linear guiding
clement (such as rod) rod (preferentially 2, more preferen-
tially 3) and one or more sliding element (for example
through holes (preferentially 2, more preferentially 3))
intended to slide along the rod. The sliding element may be
arranged on or secured to the support of the dedicated active
clement.

The FIG. 15 show 3D views of one embodiment of the
loading system 1n which the drive mechanism 1s adapted to
move the support of the dedicated active elements relatively
to the apparatus. The FIG. 15a shows the loading system in
a first position without cassette, the FIG. 155 shows the
loading system 1n a second p081t1011 without cassette, the
FIG. 15¢ shows the loading system 1n a first position with a
cassette and the FIG. 154 shows the loading system 1n a
second position with a cassette. In this figures, the cassette
1s 1nserted through a first opening of the cassette support, the
cassette holder further comprises a second opening to pass
the tubes of the cassette laterally (which 1s perpendicular to
the first opening).

The FIG. 16 discloses an exploded view of an example of
the first embodiment of a loading system 400. The loading
system 400 comprises cassette holder 401 (for example a
movable holder of the cassette), a support 406 of the
dedicated active elements and a drive mechanism 409. The
drive mechanism may comprise an electric motor 410, a
drive assembly 411 (for example a toothed drive assembly)
and a guiding assembly. The guiding assembly may com-
prise one or more guiding element 412' (preferentially 2,
more preferentially 4) and one or more sliding element 412
(such as pin (preferentially 2, more preferentially 4))
intended to slide along or against the guiding element.

The sliding element may be arranged on or secured to the
support of the dedicated active element. The guiding ele-
ments are arranged on a support 413 (for example a plate or
a frame) which moves relatively to the apparatus. The
guiding elements are intended to transform a first axial
movement 1nto a second axial movement which 1s different
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from the first axial movement (for example perpendicu-
larly). The guiding elements may have an opened L shape,
a comma shape, . . . . The motor 410 1s actuated 1n order to
rotate a pinion gear which moves the guiding element
support 413 1n accordance with a Y axe. The loading system
1s designed in such a manner that the movement of guiding
clement support induces a movement of the cassette holder
in accordance with a Z axe (which 1s perpendicular to the Y
axe). For example, the cassette holder has a movement
restrictor adapted to prevent movements other than Z axe
movement. Thus, a Y axe movement of the guiding element
induces a Z axe movement of the pin (relatively to the
apparatus).

Door Device

In order to protect the active element(s) of the apparatus
and/or to substantially obstruct the opening (with or without
cassette), the system may comprise a door device compris-
ing a door device (also called door) and/or a flexible
clement. For example the door may be a sliding door or a
retractable door or a revolving door or swing door. For
example the tlexible element may be a sheet and may cover
at least partially the opening. The flexible element may be
adapted to be bend when the cassette 1s inserted nto the
opening or when tubes or handle protrude from the opening.
An example of a flexible element 423 1s shown 1n the FIG.
30g. In this case, the flexible element 1s fixed to the
apparatus, for example to the apparatus body (such as the
housing), or for example to a moveable part of the apparatus
body (such as the housing).

The opening and/or the closing of the door device may be
manual and/or automatic for example controlled by the
processor. Preferentially, the door 4135 1s (initially) closed
and may be open only 1n order to msert a cassette into the
opening. The door may comprise two positions an open
position which allows loading or unloading a cassette into/
from the cassette holder and a closed position which sub-
stantially or at least partially obstructs the opening.

The FIGS. 31a and b show a part of the housing com-
prising a door device including a sliding door. The embodi-
ment shown by the FIG. 31a further comprises a manual
door actuator 416 configured to manually open and/or close
the shiding door. The user can lower (or respectively pull up)
the manual door actuator 1n order to slide the door so as to
open or to close the door.

The door device may comprise a lock system 418 (for
example as shown by the FIG. 32) and/or a constraint system
419 1n order to maintain the door 1n a determined position,
for example 1n an open position or 1n a closed position. At
least a part of the lock system 418 and/or at least a part of
the constraint system 419 may be rigidly fastened to a (rigid)
body of the apparatus (for example a part of the housing).

The FIG. 32 1s an interior view of a (rigid) body of the
apparatus (for example a part of the housing), some elements
are not shown 1n order to focus on the lock system 418 and
the constraint system 419.

The door device may comprise a protrusion adapted to be
removably coupled to the lock system 418 when the door 1s
in a determined position (for example when the door 1is
opened) such that the user can easily insert the cassette. The
lock system may comprise elastic element (spring, elastic
strip, . . . ) which constraints a retaining element (lug, clip,
protrusion, anchor, . . . ) adapted to be coupled with the
protrusion of the door. The lock system may be disabled by
the user by pushing on the manual door actuator (for
example). The lock system may be disabled by the processor
via a dedicated (connected) actuator (not shown) or via the
loading system. In the last case, the loading system may be
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adapted to disable the lock system when the loading system
1s actuated (when 1s moved from a first position to a second
position and/or vice versa).

The door device may comprise a sliding element adapted
to slide through a guiding element of the (rigid) body of the
apparatus (for example a part of the housing) in order to
restrict the movement of the door (or inversely, the apparatus
body may comprise the sliding element and the door may
comprise the guiding element). The sliding element may be
a through hole or a protrusion of the door device and the
guiding element may be a rod (for example steel rod) or a
recess for example arranged on the (rigid) body of the
apparatus (for example a part of the housing).

The constraint system 419 may exert a force against the
door and against the (rigid) body of the apparatus (for
example a part of the housing) so as to close the door or to
force the door 1 a closed position. The constraint system
419 may comprise elastic element (spring, elastic
strip, . . . ).

In a preferred embodiment, the door 1s opened thanks to
the loading system and 1s closed by the constraint system. In
this case, the door device and/or the loading system may
comprise a coupling element 422 (as shown by the FI1G. 30).

The coupling element 422 may be configured to mechani-
cally cooperate with the loading system according to at least
one dimension. The coupling element may comprise a
protrusion arranged on at least one of the movable support
406 and the door device 415. The coupling device may
further comprise an associated device (such as a contact
space, a sliding element, a hole, a slot or a groove) config-
ured to cooperate with the protrusion (for example by
contact or slip). The coupling device may cooperate with the
loading system when the loading system moves the movable
support 1n at least one direction (for example from the first
position to the second position and/or vice versa).

Thus, for example, when the loading system 1s moved to
the second position, the loading system pushes the door
device down 1n order to open the door (and the constraint
system may be compressed). When the loading system 1s
moved to the first position, the constraint system may push
up the door 1n order to close the door and the coupling device
or the inserted cassette may limit the displacement of the
door. When the

The coupling element may be disabled by the processor
(via for example an actuator) or via a button pushed by the
user (as disclosed by the FIG. 31a) thus even 11 the loading
1s 1n second position, the door may be closed by disabling
the coupling element.

In one embodiment, when the loading system moves 1n a
second position, the loading system opens the door via the
coupling element and then a lock system maintains the door
in open position. The coupling element or the lock system
may be disable 1n order to close the door (even if the loading
system 1s 1n the first or second position) by the processor or
the user as disclosed above.

The FIG. 30a shows a door 415 1n closed position and the
loading system 1n a first position without cassette. The
system comprises an elastic element 421 which may be a
spring or an e¢lastic strip or arm which constraints the door
415 1n a closed position. The door and/or the loading system
further comprises a coupling element 422 configured to
(only) allow the loading system to move the door up to an
open position (for example: from a closed position to an
open position) as shown 1n the FIG. 305. The FIGS. 30c¢ and
30d show the embodiment with an inserted cassette. The
cassette 106 1s mserted and the loading system 1s 1n a first
position. In the FIG. 30¢, the door 1s no longer maintained
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in open position by the loading system but by the cassette.
The door may be used to block the cassette inserted when the
loading system 1s 1n first position. In the FIG. 304, the door
1s 1n closed position with an inserted cassette.

The door device may comprise several parts of door such
that a first part of the door device may fully close the
opening (for example: where the cassette does not comprise
any protrusion which extends outside the apparatus (no tube
no handle)) and such that a second part of the door device
may maintain in a open position or 1n a partial closed or open
position (for example: where the elements of the cassette
protrudes and extends outside the apparatus (such as handle,
tubes, . . . ))

The FIGS. 30e to 30/ discloses another embodiment
where the loading system moves the cassette holder, for
example such embodiment may be adapted for the apparatus
shown 1n the FIG. 37. In thus embodiment, the loading
system may move the container receiver or the top housing
up and down (and have a sliding door as described above).
The FIGS. 30e¢ to 30/ show the last case. The system
comprises a sliding door 415, a top housing 420", a (mov-
able) cassette holder 401 and a (fixed) element support 406.
The loading system 1s configured to move the cassette
holder. The sliding door 1s maintained 1n a first position by
an elastic element (spring or other similar element).

When the loading system i1s in first position without
cassette, the sliding door 415 1s maintained 1n the first
position by the elastic element such that the door closes the
opening. In FIG. 30/, the loading system moves 1n the
second position, the sliding door 1s substantially in a same
previous position (a mechanmical stop may maintain the
sliding door 1n a first position) but the cassette holder 1s 1n
an open position. In FIGS. 30g and /%, a cassette has been
inserted and the loading system 1s 1n {irst position. Referring
to the FIG. 30g, an element of the cassette protrudes from
the opening and the door 1s maintained by this element 1n the
open position or 11 an intermediary position for example 1n
a partial close or partial open position. Referring to the FIG.
30/, the cassette 1s 1nserted and the door 1s closed.

In another potential embodiment, the door device may
comprise a swing door which 1s opened on top or laterally.
Drip Chamber Support

As shown by the FIG. 18, the drip chamber 501 1s used to
remove air bubble from the blood circuit. The support 500
of the drip chamber 501 1s used to removably fix the drip
chamber to the apparatus. The drip chamber support 500
may be arranged on a face of the apparatus housing or in the
pole. The FIG. 18 shows an embodiment of the drip chamber
support 500 with a drip chamber 501. The drip chamber
support may comprise a body 502 secured to the apparatus
and a level sensor. The level sensor may be an optical sensor,
a wave sensor or a capacitive sensor. The level sensor 1s
preferentially arranged into the body of the drip chamber
support. The drip chamber support may further comprise a
mechanical coding system 504 intended to maintain or
isure a good/required position of the drip chamber relative
to the drip chamber support or to the level sensor. The
coding system 504 1s designed in order to compel the
position of the drip chamber relatively to the drip chamber
support. For example, the drip chamber support may have a
protrusion. The protrusion may be adapted to adjust the
vertical position of the drip chamber 1n accordance with the
level sensor. The drip chamber support may have a lock
system 3503.

Luggage

In order to improve the travel experience, the system may

comprise an apparatus support (such as a bag or a luggage
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or a movable furniture) adapted to store the apparatus, for
example a hand luggage, during the travel. The apparatus
(housing with or without container support, with or without
dialyzer support, . . . ) may be sized 1n order to be smaller
than the bag (hand luggage), at least one dimension smaller
than 31 cm, another dimension smaller than 51 ¢cm and/or
another dimension smaller than 61 cm.

The FIG. 19 shows an apparatus stored 1n hand luggage.
The hand luggage 1s drawn in dotted line and comprises a
handle. The size shown 1n this figure 1s done as an example.
The bag may comprise at least two distinct housing cavities,
a first housing cavity itended to receive the apparatus and
a second housing cavity intended to receive the display
device 302 (for example a tablet).

The hand luggage may comprise a door having an open
position and a closed position. The open position of the door
allows placing the apparatus into the hand luggage (for
example mto a dedicated housing cavity) and the closed
position allows moving the hand luggage 1n a secure manner.
The hand luggage may further comprise rigid part (for
example the side wall or the upper wall or the lower wall of
the hand luggage) designed to protect the apparatus.

The hand luggage may be used as an apparatus support
which may comprise a platform configured to support the
apparatus in operating configuration.

The hand luggage may comprise retractable handle and/or
retractable rollers (or wheels).

The FIG. 36 illustrates an other embodiment of the
apparatus support.

The mmvention claimed 1s:

1. A dialysis system comprising:

a dialyzer having a blood compartment;

a blood circuit in fluid communication with the blood
compartment of the dialyzer, including,
an arterial line,
an venous line,

a valve configured to occlude at least a part of the blood
circuit, and

a blood pump configured to move a fluid through the
blood circuit and to be actuated 1n at least one of a
normal pump direction through the blood circuit and
a reverse pump direction through the blood circuit,
oppositely to the normal pump direction;

a cassette including a portion of the blood circuit;

a subsystem configured to control a dialysis treatment
having a processor, a sensor, and a blood pumping
mechanism configured to cooperate with the blood
pump of the blood circuat;

a housing 1n which the subsystem is arranged, the housing
having an opening configured to insert the cassette;

a movable support arranged 1n the housing and configured
to hold the sensor and/or the blood pumping mecha-
nism of the subsystem:;

a cassette holder configured to removably receive the
cassette; and

a loading system configured to move the movable support
by an axial movement to a first position and to a second
position relatively to the housing while the cassette
holder 1s fixedly arranged 1n the housing, the loading
system having an electric motor controlled by the
processor, a drive assembly coupled to the electric

motor, and a guiding assembly configured to cooperate
with the drive assembly.
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2. The system according to claim 1, further comprising;:

a fluid subsystem having a first storing compartment
configured to store at least one of a priming solution, a
solution compatible with blood, a rnnsing solution,
and/or

a second storing compartment i fluild commumnication

with the blood circuit,

wherein the arterial line includes an arterial connector and

the venous line includes an venous connector.

3. The system according to claim 2, wherein the fluid
subsystem includes a first line 1n fluid communication with
the first storing compartment and connected to the arterial
line, a second line 1n fluild communication with the first
storing compartment and connected to the venous line, and
a third line configured to be removably connected to at least
one of the arterial connector and/or the venous connector
and to be i fluid communication with the first storing
compartment.

4. The system according to claim 2, wherein the fluid
subsystem 1ncludes a first line 1n fluid communication with
the first storing compartment and connected to the arterial
line, a second line 1n fluild communication with the first
storing compartment and connected to the venous line, and
a third line configured to be removably connected to at least
one of the arterial connector and/or the venous connector
and to be 1 fluild communication with the second storing
compartment.

5. The system according to claim 2, wherein the first
storing compartment and/or the second storing compartment
of the fluid system 1s mitially empty.

6. The system according to claim 2, wherein the processor
1s operatively connected to at least one of the valve, and/or
the blood pump,

and 1s configured to carry out at least one operating

sequence.

7. The system according to claim 1 wherein the first
position 1s required for an operating configuration and the
second position permits an insertion and/or a removal of the
cassette.
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8. The system according to claim 1, further comprising:

an 1ndicator device configured to inform a user about a

current position of the movable support.

9. The system according to claim 1, wherein the blood
pumping mechanism includes a shait and the cassette
includes a roller assembly configured to be operatively
coupled with the shaft and to at least partially align the
cassette relative to the movable support, such that the sensor
1s aligned with a dedicated area of the cassette, when the
movable support 1s 1n the first position.

10. The system according to claim 1, wherein the opening
of the housing includes a sliding door.

11. The system according to claim 10, wherein the sliding
door 1s mechanically coupled to at least one of the movable
support and/or the loading system to open the sliding door
when the movable support 1s moved to the second position.

12. The system according to claim 1, wherein the cassette
holder includes a detection sensor configured to send a
signal to the processor when the cassette 1s imserted into the
cassette holder.

13. The system according to claim 12, wherein the pro-
cessor 1s configured to initiate a displacement of the mov-
able support depending on the signal of the detection sensor.

14. The system according to claim 1, further comprising:

a coding element configured to prevent an insertion of

other types of cassettes.

15. The system according to claim 1 further comprising:

a locking system configured to cooperate with the cassette

to prevent a withdrawal of the cassette when the

movable support 1s 1n the first position.
16. The system according to claim 1, further comprising;:
a sensor configured to monitor or to detect at least one of
the first position and/or the second position of the
loading system.

17. The system according to the claim 1, wherein the
guiding assembly 1s configured to transform a motion of the
clectric motor into an axial motion of the movable support.

18. The system according to the claim 1, wherein the
guiding assembly includes a guiding element and a sliding
clement.
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